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MX-774 

FOREWORD 

Рвомест MX-774, ORIGINALLY A STUDY 
AND RESEARCH PROGRAM LEADING TO THE PRAC= 
TICAL DESIGN OF A SUPERSONIC=SPEED GUIDED 
MISSILE OF 1500 то 5000 MILES RANGE, HAS 
NOW BEEN LIMITED TO THE DESIGN, ΕΑΒΗΙΟΑ- 
ΤΙΟΝ AND FLIGHT TESTING OF SUPERSONIC 
TEST VEHICLES. A LIMITED AMOUNT OF WORK 
1S CONTINUING ON STUDY AND DEVELOPMENT OF 
LONG=RANGE GUIDANCE SYSTEMS AND STUDIES 
OF HIGH VELOCITY WARHEAD TEMPERATURES. 

THIS REPORT, THE FOURTEENTH IN THE 
SERIES, SUMMARIZES PROGRESS MADE DURING 
SEPTEMBER, OCTOBER, AND NovEMBER 1947 IN 
MISSILE DESIGN, IN STABILIZATION AND αὐ!- 
DANCE DEVELOPMENTS, AND IN PREPARATIONS 
FOR TESTING THE ΜΧ-ΤΤ4 VEHICLES BEING 
FABRICATED. 
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SECTION | 
SUMMARY 

A, PROBLEMS INITIATED - WORK CONDUCTED 

A GENERAL DESCRIPTION OF THE МХ-7748 Ειιαητ Test VEHICLE 
AND AN OUTLINE OF STABILIZATION AND GUIDANCE PROVISIONS FOR 
ΤΗΕ MX-774 MISSILE ARE CARRIED IN SECTION 11 το SUPPLY A FRAME 
FOR THE PICTURE OF RECENT DEVELOPMENT WORK ON THE PROJECT, 

MINOR CHANGES IN ACTUAL WEIGHTS HAS MADE DESIRABLE THE 
REPRESENTATION IN SECTION 111 оғ CG TRAVEL WITH FUEL CONSUMP= 
TION AND OF WEIGHT FABRICATED. ASSEMBLY OF THE FLIGHT TEST 
VEHICLE IS PROGRESSING RAPIDLY. STRESS ANALYSIS ON THIS VE= 
HICLE IS SUMMARIZED. 

ANALYTICAL INVESTIGATIONS, SECTION IV, ROUND OUT INFOR= 
MATION ON (1) ADAPTATION OF THE и TO ATTAIN MAXIMUM Αιτι- 
TUDES OF 500,000 то 1,000,000 FEET, (2) FLIGHT PATTERN OF THE 
FLIGHT TEST VEHICLE, (3) OPTIMUM SERVO CONSTANTS FOR MISSILE 
STABILIZATION, (4) DISSOCIATION REACTIONS OF ATMOSPHERIC 
GASES AS INFLUENCED BY BOUNDARY LAYER PRESSURES, AND (5) IN] 
CREASE OF ROCKET THRUST FROM USE OF EXPENDABLE NOZZLE AREA 
REDUCERS. 

DAMAGES TO SOME OF THE ENGINE SECTION COMPONENTS, SUSTAIN= 
ED WHEN TWO ROCKET CYLINDERS BLEW UP DURING AN ATTEMPTED FIRING 
RUN, ARE PICTURED IN SECTION V, 

STABILIZATION SYSTEM EQUIPMENT WAS INSTALLED IN THE STATIC 
TEST MISSILE PRIOR TO THE STATIC FIRING TEST. THE Мо. 2 5ТА- 
BILIZATION PANEL ASSEMBLY IS BEING COMPLETED FOR THE FLIGHT 
Test VEHICLE. THE COMMAND CONTROL DRIVE UNIT FOR THIS SAME 
VEHICLE 15 COMPLETED AND UNDERGOING LABORATORY TESTS. TEST 
EQUIPMENT IS ITEMIZED ΙΝ SECTION VI. 

THE POSITION TRACKER GROUND STATION EQUIPMENT HAS BEEN 
RACKED READY FOR USE, A FIELD TEST OF THE PHASE COMPARISON 
TRACKING METHOD IS DESCRIBED IN SECTION VII. A QUARTER INCH 
MOVEMENT AT 240 FEET WAS EASILY DETECTABLE$ MORE REFINED 
TESTS ARE PLANNED.» 



5 
ο ο. ομως === 

—— SECRET 
SAN DIEGO DIVISION Бә 

TRUCK INSTALLATION OF TELEMETERING WAS ACCOMPLISHED AND 

AIRBORNE TELEMETERING COMPONENTS PLACED IN THE STATIC TEST 

MISSILE BEFORE THE FIRING RUNe THE EXPLOSION INTERRUPTED 

SUCCESSFUL OPERATION OF ALL EQUIPMENTe 

AN EXTENSIVE REPORT OF THE STATIC FIRING TEST IS GIVEN 

IN SECTION ІХ. SATISFACTORY "COLD" CHECKS ARE DETAILED AND 

THE MISHAP DURING THE "нот" RUN IS DISCUSSED. 

A LIST OF INTERNAL REPORTS RELEASED UNDER provect MX=-774 

MAY BE FOUND IN THE REFERENCE SECTION. 

Be PROJECT CONTACTS 

VISIT FROM WATSON LABORATORIES PERSONNEL. A DISCUSSION 

WAS HELD CONCERNING TECHNICAL DETAILS OF THE COMPLETE GUIDANCE 

PROGRAM, AN INSPECTION OF MISSILE EQUIPMENT AND LABORATORY 

FACILITIES WAS MADE TO ENABLE A DETAILED REPORT TO WRIGHT 

FIELDe 

VISIT FROM WATSON LABORATORIES PERSONNELe VACUUM TUBE 

DEVELOPMENTS WERE DISCUSSED. TECHNICAL INFORMATION WAS ЕХ- 

CHANGED IN THIS FIELD. 

VISIT FROM Но. S.A.C, PERSONNELS AN INSPECTION OF 

GUIDANCE AND CONTROL EQUIPMENT FOR THE MISSILE WAS CONDUCTED. 

VISIT FROM А.М.С. ΡΕΒΘΟΝΝΕΙ« AN INSPECTION WAS MADE OF 

EQUIPMENT TO BE USED IN MX=774 Test VEHICLE AND A DISCUSSION 

WAS HELD CONCERNING THE FUTURE PROGRAM. 

A DEMONSTRATION OF AZIMUTH TRACKING PHASE COMPARISON 

EQUIPMENT PERFORMANCE WAS MADE IN THE PRESENCE OF WRIGHT 

FIELD REPRESENTATIVES. REPRESENTATIVES WERE FURNISHED WITH 

GENERAL INFORMATION CONCERNING VARIOUS DEVELOPMENTS FOR GUID= 

ANCE AND CONTROL OF THE MISSILE. 

A DEMONSTRATION OF POSITION TRACKER SYSTEM PERFORMANCE 

WAS MADE 25 NOVEMBER WITH Ов. Marcus O'Day OF CAMBRIDGE FIELD 

STATION PRESENT. INFORMATION REQUESTED BY DR. O'DaY WAS FOR= 

WARDED TO HIMe 
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DESCRIPTION OF MISSILE 

GENERAL 

THE MX.774 Test Νεηιοιε ts А SELF=LAUNCHED, HIGH= 

ECRET ὰ----- 

ALTITUDE SUPERSONIC ROCKET PROVECTILE PROPELLED BY ΑΝ ALCO= 
HOL=OXYGEN MOTOR OF Q000-PoUNDS THRUST. IT 
OPED TO STUDY POWER PLANT, CONTROL, GUIDANCE, 
AND TRAJECTORY PROBLEMS, 
SHOWN 

Be 

ім FIGURE 2, 

PRINCIPAL DIMENSIONS AND PARTICULARS 

GENERAL 

Fins 

SPAN 

LENGTH (OVERALL) 
HEIGHT AND WIDTH (MAXIMUM) 
Gross WEIGSHT (INITIAL) 
GRoss WElGHT (END ОЕ BURNING) 
RocKET THRUST 

AIRFOIL SECTION 
Root CHORD 
OVERALL CHORD 
INCIDENCE 
DtHEDRAL 
SWEE PBACK 
AREA (PER FIN) 
ТАВ AREA (PER ТАВ) 

FUSELAGE 

DIAMETER 
LENGTH 
Maximum SECTIONAL AREA 

RockeT CYLINDER RANGE OF MOVEMENT 

TANK 

PITCH CONTROL 
RoLL CONTROL 
Yaw CONTROL 
CAPACITIES 
FUEL = ALCOHOL 
OXIDIZER - LIQUID OXYGEN 
NITROGEN = PROPELLANT TANK 

PRESSURIZING 
NITROGEN = Н202 TANK 

PRESSURIZING 
H202 TANK 

IS BEING DEVEL= 
AERODYNAMIC, 

THE MX-774B INBOARD PROFILE 18 

INCHES 

INCHES 

INCHES 

POUNDS 

POUNDS 

POUNDS 

MODIFIED DOUBLE WEDGE 

INCHES 
INCHES 
DEGREES 
DEGREES 
DEGREES 
SQ FT 
SQ FT 

INCHES 
INCHES 
SQ FT 

DEGREES 

DEGREES 

DEGREES 

GALLONS 

GALLONS 

CU ім, 

PSI 

CU INe 

PSI 

GALLONS 
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FIG 2 -- INBOARD PROFI 
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Ce AIRFRAME 

le FUSELAGE 

THE FUSELAGE IS COMPRISED OF A REMOVABLE TAIL CONE, 
A TAIL ASSEMBLY {INCLUDING THE FINS, A CENTER SECTION COMPOSED 
OF INTEGRAL PROPELLANT TANKS, A NOSE ASSEMBLY, AND A NOSE СОМЕ, 

THE ALCOHOL AND LIQUID=OXYGEN TANKS FORMING THE СЕМ- 
TER SECTION ARE OF WELDED ALUMINUM ALLOY CONSTRUCTION. Two 
FAIRINGS WHICH HOUSE WIRES AND PRESSURE LINES ARE ATTACHED TO 
THE TANKS AND MAY BE REMOVED. ACCESS TO THE COMPARTMENT BE= 
TWEEN THE TANKS IS BY MEANS OF A REMOVABLE PANEL THE ALCOHOL 
TANK IS FILLED THROUGH A FILLER NECK LOCATED BETWEEN THE TWO 
TANKS. THE LIQUID=OXYGEN TANK IS FILLED THROUGH A FILLER 
VALVE LOCATED AT THE BOTTOM OF THE CENTER SECTION. 

2. TAIL AND ЕМРЕММАСЕ 

THE TAIL GROUP CONSISTS OF FOUR FULL=CANTILEVER SUR= 
FACES, EACH CONTAINING A CONTROLLED TAB, BASIC STRUCTURE СОМ- 
SISTS OF SPANWISE FABRICATED SHEET ALUMINUM ALLOY RIBS AND 
SPARS COVERED WITH ALUMINUM ALLOY SKIN, 

ONE PAIR OF TABS PERFORMS A SLOW TRIM ROLL CORREC= 
TION AND ARE ACTUATED THROUGH FLEXIBLE SHAFTS BY A LEAR ACTUA= 
TOR TO ATTAIN FULL 2O0=DEGREE DEFLECTION IN EITHER DIRECTION IN 
ELEVEN SECONDS, LIMIT SWITCHES ON THE ROLL MASTER HYDRAULIC 
CYLINDER ENERGIZE THE SLOW TRIM TAB ACTUATOR WHEN THE SWIVEL= 
ING ROCKET MOTORS HAVE ATTAINED |=DEGREE ROLL DEFLECTION, 

THE SECOND PAIR OF TABS ARE CONNECTED THROUGH A TOR= 
QUE TUBE AND LINKAGE TO A CORRESPONDING PAIR OF ROCKET СҮСІМ- 
DERS AND ARE DEFLECTED THROUGH 20 DEGREES ІМ EITHER DIRECTION 
BY 10 DEGREES DEFLECTION ОҒ THE ROCKET CYLINDER. 

THE TAIL CONE 15 AN ALUMINUM ALLOY STRUCTURE WHICH 
MAY BE REMOVED WITHOUT ANY DISTURBANCE OF MECHANICAL PARTS TO 
PROVIDE FOR ENGINE ACCESS AND REMOVAL, THE PRINCIPAL FUNCTION 
OF THE TAIL CONE 15 TO ACT А5 A FAIRING, 

THE EMPENNAGE ASSEMBLY INCLUDES THE TAIL ASSEMBLY, 
WHICH IS AN ALUMINUM ALLOY SEMI=MONOCOQUE STRUCTURE ACTING AS 
THE HOUSING AND SUPPORT FOR THE POWER PLANT, AND THE FINS. 
ACCESS DOORS, CONSTITUTING ONE=QUARTER OF THE TAIL ASSEMBLY 
SKIN, ARE PROVIDED. THE EMPENNAGE ASSEMBLY, FIGURE 3, INCLUD= 
ING THE POWER PLANT COMPONENTS, CAN BE REMOVED FROM THE MAIN 
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LAUNCHING PAD 

POSITION INDICATOR 

COAX ANTENNA CABLE | 

FAST ACTING TAB 

FIG 3 -- MX-7748 EMPENNAGE ASSEMBLY - TAIL CONE REMOVED 

FUSELAGE ASSEMBLY AFTER REMOVAL OF THE FAIRINGS AND DISCONNEC= 

TION AT THE ALCOHOL LINE FLANGE, THE OXYGEN LINE FLANGE, THE 

CONTROL CYLINDER ALCOHOL RETURN LINE FITTING, THE NITROGEN 

PRESSURE LINE FITTING, AND THE ELECTRICAL DISCONNECTS ІМ ΤΗΕ 

FAIRING. TUNNELSe 

5. Nose 

THE NOSE CONE IS AN ALUMINUM ALLOY SEMI=MONOCOQUE 

STRUCTURE WHICH HOUSES A Δ0-εοοτ RIBBON TYPE PARACHUTE AND IS 

SEVERED FROM THE MISSILE DURING FLIGHT BY MEANS OF ΑΝ ELECTRI= 

CALLY DETONATED "pRIMA-CHORD". 

THE NOSE ASSEMBLY 1S OF ALUMINUM ALLOY SEMI=MONOCOQUE 

CONSTRUCTION AND HOUSES THE INTELLIGENCE AND GUIDANCE EQUIPMENT 

AND PAY LOAD OF THE MISSILE. |Т MAY BE REMOVED FROM THE TANK 

SECTION AFTER REMOVAL OF THE FAIRINGe 
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FIG 4 == МХ-774В POWER PLANT INSTALLATION 

D. PROPULSION SYSTEM 

THE POWER PLANT INSTALLATION, Figure Д, COMPRISES А Βε- ACTION MOTORS INCORPORATED ALCOHOL=OXYGEN BURNING ROCKET ЕМ- GINE MOUNTED IN A TUBULAR STEEL MOUNT AND A FUEL AND OXIDIZER SYSTEM THROUGH WHICH ALCOHOL AND OXYGEN ARE SUPPLIED ТО THE ROCKET CYLINDERS AT 450 PSI PRESSURE BY A TURBO=PUMP DRIVEN BY THE PRODUCTS OF DISSOCIATION OF Но0о WHEN ACTED UPON BY А CATYLIST. PROPELLANT TANKS ARE MAINTAINED UNDER A CONSTANT PRESSURE BY MEANS OF PRESSURE REGULATED NITROGEN.’ 

THE 8000-С4 ENGINE CONSISTS OF FOUR 2000={PouND THRUST ROCKET CYLINDERS SWIVEL MOUNTED TO A TUBULAR STEEL MOUNT WHICH ALSO SERVES AS THE ALCOHOL MANIFOLD. MOUNTED IN THE MANIFOLD 
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ARE Two RMI PROPELLANT VALVES ADMITTING THE FLOW FROM THE 

ALCOHOL PUMP. OXYGEN IS FED DIRECTLY FROM AN OXYGEN PROPEL= 

LANT VALVE THROUGH A SWIVELING JOINT AND CHECK VALVE TO EACH 

CYLINDER. THE CYLINDERS ARE SWIVELED PLUS OR MINUS 10 DE= 

GREES FROM NEUTRAL POSITICN BY MEANS OF HYDRAULIC ACTUATING 

CYLINDERSe 

Е. MISSILE STABILIZATION 

STABILIZATION INCORPORATES A COMBINATION ELECTRICAL AND 

HYDRAULIC CONTROL SYSTEMe EFFECTS OF A MISSILE PITCH, ROLL, 

OR YAW ON THE STABILIZATION GYROS ARE FIRST.CONVERTED INTO 

AN ELECTRICAL ERROR SIGNAL WHICH 1S PROPORTIONAL IN SIGN AND 

MAGNITUDE TO THE MISSILE DISPLACEMENT AND RATE OF DISPLACE= 

MENT. THE STABILIZATION SYSTEM ALSO INCLUDES INTEGRAL CON= 

TROL UNITS FOR PITCH, ROLL AND YAW TO CORRECT FOR MANUFACTUR= 

ING MISALIGNMENTS OR UNBALANCED CONDITIONS WHICH MAY OCCUR. 

THE ELECTRICAL ERROR SIGNALS FROM THESE COMPONENTS AND FROM 

ROCKET POSITION ҒЕЕО-ВАСК5 ARE MIXED, AMPLIFIED, AND CONVER@= 

TED INTO PROPORTIONAL HYDRAULIC VALVE DISPLACEMENTS. VALVE 

ACTIONS -ARE FOLLOWED BY INDIVIDUAL POWER CYLINDER MOVEMENTS 

WHICH CHANGE THE ANGULAR POSITIONS OF THE FOUR ROCKET CYLIN@= 

DERS TO CORRECT THE MISSILE*S FLIGHT PATHe 

POWER FOR OPERATING THE HYDRAULIC CYLINDERS 15 SUPPLIED 

BY A POWER CYLINDER FOR EACH OF THE ROLL, YAW, AND PITCH 

SYSTEMS, ТНЕ SYSTEM OPERATES ON ALCOHOL PRESSURE FROM THE 

FUEL PUMP DISCHARGE. THE ALCOHOL FLOWS FROM THE DISCHARGE 

LINE THROUGH AN ACCUMULATOR AND FILTER TO A SOLENOID OPERATED 

CONTROL VALVE WHICH, ON RECEIVING A SIGNAL FROM THE ЕШМЕС- 

TRONIC GUIDANCE SYSTEM, REGULATES THE FLOW TO THE ROLL, YAW, 

OR PITCH POWER CYLINDERe THE POWER CYLINDER IMPARTS MOTION 

TO THE ROCKET CYLINDER TO WHICH IT IS CONNECTED AND, THROUGH 

THE HYDRAULIC SLAVE CYLINDERS, TO THE OTHER ROCKET CYLINDERS 

TO BE SWIVELED BY THE SIGNAL RECEIVEDe A COMPENSATOR 18 1М= 

STALLED IN EACH OF THE ROLL, YAW AND PITCH SLAVE SYSTEMS TO 

COMPENSATE FOR TEMPERATURE CHANGES AND LEAKAGE LOSSESe 

FLIGHT CONTROL OF RANGE 15 ACCOMPLISHED BY EITHER A 

MISSILE BORNE PROGRAM UNIT OR A GROUND BASED COMMAND THAT 

SHIFTS THE REFERENCE COORDINATES OF THE STABILIZATION SYSTEM 

AND SHUTS OFF THE POWER WHEN THE DESIRED VELOCITY IS ATTAINED. 
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F. ELECTRONIC GUIDANCE 

THE GUIDANCE SYSTEM, FIGURE 5» FOR A LONG RANGE MX-774 UTILIZES THREE SYSTEMS FOR DETERMINATION OF POSITION, SPEED, AND RANGE OF THE MISSILE, 

(1) A VHF POSITION TRACKER SYSTEM SERVES AS A PRECISION 
DIRECTION FINDER IN BOTH AZIMUTH AND ELEVATION BY 
UTILIZING PHASE COMPARISONS OF WAVE-FRONT ARRIVALS. 
THE REQUISITE SIGNALS ARE TRANSMITTED FROM A BEACON 
IN THE MISSILE. 

(2) А DOPPLER SPEEDOMETER SYSTEM MEASURES VELOCITY BY 
FREQUENCY COMPARISON OF RADIO SIGNALS SENT TO THE 
MISSILE WITH SIGNALS RETURNED FROM A FREQUENCY 
DOUBLING REPEATER STATION LOCATED IN THE MISSILE. 

(3) A RANGING SYSTEM MEASURES RANGE BY PHASE COMPARI= SON OF SIGNALS RETURNED FROM THE SAME REPEATER 
STATION. 

ΙΤΙΟΝ 
TRACKER 

TRANSMITTER 

DOPPLER COMMAND | [STABILIZATION SYSTEM | | ШЕР & RANGE CONTROL REFERENCE GYROS ener a | REPEATER| |RECEIVER SERVO ACTUATORS = 

COMMAND CONTROL 
COMPUTER 

POSITION TRACKER 

GROUND EQUIPMENT 

[ 
FIG 5 -- SIMPLIFIED BLOCK DIAGRAM OF MX=774 GUIDANCE CONTROL AND STABILIZATION 

GROUND EQUIPMENT 

SPEED & RANGE 

GROUND EQUIPMENT 
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SPEED, DIRECTION, AND DISTANCE INTELLIGENCE FROM THE 

ABOVE UNITS IS FORWARDED TO A COMPUTER WHICH, IN A HIGH=SPEED 

PRECISION OPERATION, COMPARES THE INTEGRATED DATA WITH A ΡΡΕ- 

COMPUTED FLIGHT PATHe CORRECTIONS ARE THEN MADE BY THE сом- 

PUTER WHICH, WHEN APPLIED THROUGH А COMMAND CONTROL RADIO 

LINK, RETURNS THE MISSILE TO A PATH CONVERGING WITH THE PRE= 

COMPUTED РАТН, 

THE COMMAND CONTROL SYSTEM DIRECTS THE MISSILE IN AZIMUTH 

AND ELEVATION AND PROVIDES FUEL SHUT-OFFe THE GROUND TRANS= 

MITTER RADIATES INTELLIGENCE SIGNALS CONSISTING OF A PHASE 

DIFFERENCE BETWEEN TWO C=W CARRIERS. THE PHASE SHIFT IS PRO= 

PORTIONAL TO THE MAGNITUDE OF THE INTELLIGENCE TO BE TRANS= 

MITTED. THE AIRBORNE RECEIVER AND ITS ASSOCIATED EQUIPMENT 

RECEIVES AND INTERPRETS THE INTELLIGENCE SIGNALS AND DELIVERS 

THE CONTROL SIGNAL TO THE PROPER FUNCTION BY MEANS OF THE 

MISSILE SERVO SYSTEM, 

10 
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SECTION Ill 
DESIGN AND FABRICATION 

A, GENERAL 

CG TRAVEL IN THE CURRENT DESIGN FOR THE MX=774 FLIGHT 
Test ARTICLE IS SHOWN IN FIGURE 6, THE WEIGHT STATUS IS 
REPORTED IN FIGURE 7. _CONTRACTOR CONTROLLED WEIGHT IS 622 
POUNDS AS COMPARED TO 613 POUNDS IN THE PREVIOUS REPORT 
(REFERENCE 2), THIS DIFFERENCE IS ACCOUNTED FOR BY MISCEL- 
LANEOUS WEIGHT CHANGES AND BY ΑΝ ὃ-ρουνῦ TRANSFER FROM Όον- 
TRACTOR PURCHASED EQUIPMENT FOR THE REVISED BATTERY SETUP, 

TIME —— SECONDS 

GROSS WT 

VS CG% BL 

Ὁ 
a 
= 

= 

= 2000 

Ὁ 
Ὁ 
° 
α 
° 

δι © ° 

C.G. % BODY LENGTH (FROM NOSE) 
(NOSE STA 21, END STA 383) 
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Be FLIGHT TEST VEHICLE STATUS 

THE LAST OF THE ENGINEERING DRAWINGS FOR THE FLIGHT TEST 
VEHICLE WERE RELEASED IN SEPTEMBER. THESE DRAWINGS DETAILED 
THE CAMERA CONTAINER, NEW BATTERY PROVISIONS, RADAR BEACON 
MOUNTING, REVISED NOSE STRUCTURE, AND ELECTRONIC COMPONENT 
CONTAINERS AND SUPPORTS. 

FORWARD NOSE, AFT NOSE, EMPENNAGE=FIN=TAB, AND TAIL CONE 
SECTIONS HAVE BEEN COMPLETED. TANK FAIRINGS ARE IN WORK. IN] 
STALLATION OF THE TAB CONTROL ACTUATORS AND LINKAGES HAS BEEN 
STARTED, OXYGEN, ALCOHOL, AND SECONDARY NITROGEN TANKS ARE 
FINISHED. HYDROGEN PEROXIDE, AND MAIN NITROGEN TANK DESIGNS 
HAVE BEEN MODIFIED AND ARE BEING FABRICATED. 

A PROPOSAL HAS BEEN FORMULATED DESCRIBING THE PARACHUTE 
TO BE INSTALLED IN THE FORWARD NOSE SECTION. PARACHUTE νεν- 
DORS ARE BEING ASKED TO PRESENT BIDS. 

PHOTO=RECORDER PANEL, STABILIZATION PANEL, TELEMETERING 
ASSEMBLY, AND DOPPLER VELOCITY AND RANGE EQUIPMENT ARE BEING | 
READIED FOR INSTALLATION. THE RADAR BEACON IS NEARING СОМ- 
ΡιΕΤΙΟΝ. ANTENNA INSTALLATION 15 PARTIALLY FINISHED. 

ELECTRICAL WIRING AND HYDRAULIC PLUMBING INSTALLATIONS 

ARE PROGRESSING, 

THE ROCKET ENGINE IS DUE IN FROM REACTION MOTORS INCOR] 
PORATED BY FEBRUARY 1940, PROPULSION SYSTEM PLUMBING IS READY 
FOR INSTALLATION EXCEPT FOR CERTAIN RMI SUPPLIED PARTS, 

C. STATIC FIRING TEST MISSILE STATUS 

THE STATIC FIRING TEST MISSILE HAS BEEN RETURNED TO THE 
SHOPS TO BE REWORKED AND REWIRED. NON=ESSENTIAL PARTS MAY ВЕ 
LEFT ΟΕΕ THE MISSILE FOR THE NEXT TEST RUNS,» MUCH OF THE 
SMALL INSTRUMENTATION WILL BE REPLACED. 

0. STRESS ANALYSIS OF ΤΗΕ FLIGHT TEST MISSILE 

THE REPORT ON STRESS ANALYSIS OF THE MX~774B (REFERENCE 
|) HAS BEEN COMPLETED. PART | IS A COMPUTATION OF BODY LOADS, 
SHEARS, AND BENDING MOMENTS. PART 11 IS A DETAILED STRESS 
ANALYSIS OF THE VARIOUS COMPONENTS OF THE MISSILE. 

13 
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THE INVESTIGATION OF LOADS TO BE USED FOR STRUCTURAL 

DESIGN OF THE МХ.ТТАВ INCLUDED CONSIDERATION OF THOSE LOADS 

PRODUCED IN THE MANEUVERING OF THE MISSILE AS WELL AS THOSE 

RESULTING FROM THE MISSILE ENCOUNTERING A GUSTe 

|Т WAS ASSUMED THAT THE MOST SEVERE MANEUVERING LOADS 

WOULD OCCUR WITH INSTANTANEOUS FULL DEFLECTION OF BOTH FIN 

TABS AND DRIVING ROCKETS AND THAT THIS CONDITION COULD OBTAIN 

AT ANY POINT ON THE FLIGHT PATH UP TO THE END OF BURNING OF 

ΤΗΕ ROCKETSe IT WAS FOUND THAT DEFLECTION OF THE TABS AND 

ROCKETS PRODUCED AN OSCILLATORY MOTION ABOUT THE CENTER OF 

GRAVITY OF THE MISSILE WHICH AT MAXIMUM AMPLITUDE CAUSED A 

RELATIVELY LARGE ANGLE OF ATTACKe 

AERODYNAMIC FORCES ON THE MISSILE RESULTING FROM ENCOUN-= 

TERING A GUST HAVING A VELOCITY OF 75 FEET PER SECOND OR 

50/Vo (WHICHEVER IS HIGHER) PRODUCED LOADS WHICH WERE LESS 

SEVERE THAN THOSE OBTAINED IN THE MANEUVER CONDITION; HENCE, 

COMPUTATIONS FOR THE GUST CONDITION WERE NOT CARRIED TO 

COMPLETION. 

CRITICAL MANEUVERING LOADS WERE FOUND ТО BE OBTAINED ON 

THE VERTICAL FLIGHT PATH AT AN ALTITUDE OF 16,900 FEET, AT 

WHICH POINT THE MISSILE 18 TRAVELING AT A MACH NUMBER OF 1.07. 

IN ANALYSING, THE AERODYNAMIC LGADS ON BODY AND FINS WERE 

DISTRIBUTED TO STATIONS AT TWENTY INCH INTERVALS ALONG THE 

LENGTH OF THE BODY, USING A THEORETICAL DISTRIBUTION FOR THE 

BODY LOAD AND A DISTRIBUTION BASED ON GERMAN V=2 WIND TUNNEL 

TESTS FOR THE FIN LOAD. AIR LOAD SHEARS AND BENDING MOMENTS 

WERE COMPUTED AT EACH SUCH STATION ALONG THE BODYe 

A DETAILED WEIGHT DISTRISUTION WAS MADE, DISTRIBUTING 

THE WEIGHT OF THE MISSILE TO STATIONS АТ TWENTY=INCH ΙΝΤΕΡ” 

VALS ALONG THE LENGTH OF THE BODY. UNIT SHEARS AND BENDING 

MOMENTS AT THESE STATIONS DUE TO A ONE "0" ACCELERATION NOR= 

MAL TO THE LONGITUDINAL AXIS AND DUE TO A ONE RADIAN PER SEC- 

OND SQUARED ANGULAR ACCELERATION WERE COMPUTED. 

NET SHEARS AND BENDING MOMENTS IN THE MISSILE BODY WERE 

CALCULATED BY COMBINING AIR LOAD SHEARS AND BENDING MOMENTS 

WITH THOSE DUE TO INERTIA AT THE PROPER LOAD FACTORS. NET 

SHEARS AND BENDING MOMENTS ALONG THE BODY FOR THE MANEUVERING 

CONDITION IN VERTICAL FLIGHT AT 16,900 FEET ALTITUDE ARE PLOT= 

TED AGAINST BODY STATION IN FIGURE 8, 
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BENDING MOMENT, SHEAR AND AXIAL LOAD IN BODY. 
MANEUVER CONDITION — VERTICAL FLIGHT AT 16,900 FEET ALTITUDE. 

FIG 8 -- NET SHEAR, BENDING MOMENT AND AXIAL LOAD IN ΜΧ-ΤΤ48 
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IN THE DETERMINATION OF AXIAL LOADS IN THE BODY, AERO= 

DYNAMIC DRAG FORCES ON THE BODY AND FINS WERE COMPUTED, AND 

THE LONGITUDINAL INERTIAL FORCE OBTAINED BY EQUATING THE TOTAL 

ROCKET THRUST TO THE SUM OF THE DRAG AND INERTIA FORCES. 

AXIAL LOAD ІМ THE BODY AT THE VARIOUS STATIONS WAS DETERMINED 

BY SUMMATION OF THE LONGITUDINAL FORCES ON EITHER SIDE OF EACH 

STATION. FIGURE 8 sHows AXIAL LOAD IN THE BODY PLOTTED AGAINST 

BODY STATION FOR THE CRITICAL CONDITION.’ 

THE CRITICAL LOAD ON THE TAB WAS FOUND TO BE OBTAINED IN 

THE GUST CONDITION IN THE MAXIMUM RANGE FLIGHT PATH AND АМОУМ- 

TED το 328 POUNDS. 
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SECTION IV 
DYNAMICS ANALYSES 

Α. AERODYNAMIC INVESTIGATIONS 

l. As A RESULT OF THE USAF REQUEST FOR INFORMATION ON 
INCREASED PAYLOAD VOLUMES FOR THE SINGLE=STAGE TEST VEHICLE 
WITH SPECIAL REFERENCE TO STABILITY LIMITATIONS AND LOSSES IN 
MAXIMUM ALTITUDE, THE FOLLOWING INVESTIGATIONS WERE MADE, 

Ae PAYLOAD WEIGHTS NECESSARY TO STABILIZE THE 
TEST VEHICLE FOR VARIOUS PAYLOAD VOLUMES (Ғісуве 9). 

Be MAXIMUM ALTITUDE ATTAINED IN VERTICAL FLIGHT 
FOR VARIOUS PAYLOAD VOLUMES ASSUMING CONSTANT FUEL 
AND PAYLOAD WEIGHT FOR ALL CONDITIONS (Figure 10), 

THE PAYLOAD VOLUME WAS ASSUMED TO BE INCREASED BY 
ADDING VARIOUS LENGTHS TO THE CYLINDRICAL SECTION OF THE BODY 
FORWARD OF THE FUEL TANKS, AND THE PAYLOAD WEIGHT WAS CONSID= 
ERED TO BE EVENLY DISTRIBUTED OVER THIS VOLUME. 

SINCE THE DESIRED MAXIMUM ALTITUDE WAS 500,000 FEET 
OR MORE FOR THE BASIC CONFIGURATION, FIGURE |0 SHOWS A MAXIMUM 
PAYLOAD VOLUME OF 43 CUBIC FEET USING А 300=POUND PAYLOAD 
WITH NO INCREASE IN FUEL TO ACHIEVE THIS OBJECTIVE. GREATER 
PAYLOAD VOLUMES MAY BE USED AND STILL ATTAIN AN ALTITUDE OF 
500,000 FEET IF THE PAYLOAD WEIGHT IS REDUCED BY AN AMOUNT 
EQUIVALENT TO THE INCREASE IN STRUCTURAL WEIGHT. THE MINIMUM 
PAYLOAD WEIGHT CONSIDERED ON THE ABOVE CONDITIONS MUST BE 
GOVERNED BY THE STABILITY LIMITS PRESENTED IN Ғісуве 9. 

25% AN ADDITIONAL INVESTIGATION REQUESTED BY THE USAF 
WAS A STUDY OF THE AMOUNT OF ADDITIONAL FUEL NECESSARY TO 
OBTAIN A MILLION FEET ALTITUDE IN VERTICAL FLIGHT WITH A 
MODIFIED TEST VEHICLE CARRYING A |OO-POUND PAYLOAD. 

Το OBTAIN А MILLION FEET ALTITUDE, IT 15 NECESSARY 
TO INCREASE THE FUEL WEIGHT FROM 2915 POUNDS το 4260: POUNDS 
WHICH MAKES IT NECESSARY TO INCREASE THE BODY LENGTH FROM 
362 INCHES TO 416 INCHES. THE FOLLOWING COMPARATIVE PERFOR= 
MANCE DATA ARE GIVEN FOR THE PRESENT BASIC CONFIGURATION AND 
THE PROPOSED CONFIGURATION.’ 



MX-774 TEST VEHICLE 

LONGITUDINALLY 
STABLE REGION 

© © 

LONGI TUDINALLY 
UNSTABLE 

REGION 

(1) PAYLOAD VOLUME LOCATED 
FWD OF FUEL TANKS 

(2) PAYLOAD WEIGHTS ARE 
EVENLY DISTRIBUTED IN 
PAYLOAD VOLUMES 

MX-774 TEST VEHICLE 
WITH 

300 LB PAYLOAD,LARGE PARACHUTE,& NO IN- 

CREASE IN FUEL OVER BASIC CONFIGURATION 

DESIRED ALTITUDE 

+ ο ° 
30 

PAYLOAD VOLUME - CU FT 

FIG 10 -- MAXIMUM ALTITUDE FOR VERTICAL FLIGHT 



: PRESENT BASIC PROPOSED | 
CONF IGURAT ION CONFIGURATION 

GROSS WEIGHT 
LB 

WEIGHT EMPTY 
LB PAYLOAD WEIGHT 
LB 

TYPE OF PARACHUTE 
BODY LENGTH 

ΙΝ. ΕΙΝ AREA (PER PANEL) | 59 FT 
MAX BODY DIAMETER 0 INe THRUST AT SEA LEVEL LB 
INITIAL ACCELERATION 
TIME OF POWERED FLIGHT SEC VELOCITY AT END OF BURNING 5 ЕТ/ЗЕС ALTITUDE AT END OF BURNING 
МАХ IMUM ALTITUDE 521,000 

2% THE FINAL AERODYNAMIC REPORT ON THE BASIC CONFIGURA= 
TION OF THE TEST VEHICLE IS NEARING COMPLETION. 

B. AZIMUTH GUIDANCE 

RESULTS OF THE FIRST MANUAL CALCULATION OF THE PERFOR= 
MANCE OF THE MISSILE WHEN GUIDED IN AZIMUTH WERE COMPLETED, 
DUE TO THE MANY MATHEMATICAL OPERATIONS INVOLVED AND ASSUMP= 
TIONS NECESSARY HOWEVER, IT SEEMED ADVISABLE To UTILIZE OTHER 
MEANS OF OBTAINING A SOLUTION. HENCE A TRANSFER FUNCTION А- 
NALYSIS WAS MADE FOR SUBMISSION TO THE ANALYSIS LABORATORY AT 
CALIFORNIA INSTITUTE OF TECHNOLOGY FOR DETERMINATION ОҒ ορτι- 
MUM SERVO CONSTANTS. BECAUSE OF ΤΗΕ MISFIRE AT THE POINT 
LOMA STATIC TEST HOWEVER, IT HAS BEEN DECIDED TO DISCONTINUE 
THE GUIDANCE ANALYSIS FOR LACK OF FUNDS. THE ANALYSIS РРЕ- 
PARED WILL BE MODIFIED FOR PRESENTATION TO THE ANALOG COMPU= 
TOR AS A YAW STABILIZATION PROBLEM, 

C. TEST VEHICLE - CONTROLLED FLIGHT PATH IN PITCH 

THE STEP BY STEP INTEGRATION OF THE FLIGHT PATH OF THE 
FIRST TEST VEHICLE IN PITCH MENTIONED IN REFERENCE 2 HAS BEEN ABANDONED. THIS METHOD BECAME TOO COMPLEX FOR THE ACCURACY 
REQUIRED, HENCE A MUCH SIMPLER APPROXIMATE METHOD WAS SUBSTI- 
TUTED. PRELIMINARY CALCULATIONS SHOWED THAT THE PITCH PRO= 
GRAMING WAS INADEQUATE FOR THE DESIRED RESULTS, SO IT WAS 
DECIDED TO UTILIZE AERODYNAMIC TABS IN PITCH TO SUPPLEMENT 
JET DEFLECTION AS WELL AS TO START PITCHING EARLIER. 

~ — Δ. а. 
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THE MISSILE IS ASSUMED TO FLY VERTICALLY UNTIL А MACH 

NUMBER OF 1.8 IS REACHED, AT WHICH TIME THE PITCH JETS ARE 

FULLY DEFLECTED AND HELD UNTIL A GIVEN FLIGHT PATH ANGLE 15 

ВЕАСНЕр. THE JETS ARE THEN DEFLECTED IN SUCH A MANNER AS ТО 

HOLD THIS FLIGHT PATH ANGLE CONSTANT UNTIL THE END OF BURNINGe 

IT WAS DECIDED TO CAUSE THE MISSILE TO REACH THE NECES= 

SARY FLIGHT PATH ANGLE SEVERAL SECONDS BEFORE CUTOFF FOR SEV= 

ERAL REASONS. SINCE FUEL BURNING TIME 1S ONLY APPROXIMATELY 

KNOWN, THE POSSIBILITY WOULD EXIST THAT THE FUEL WOULD BE ΕΧ- 

HAUSTED SEFORE 7 REACHED ITS REQUIRED MAGNITUDE. FURTHER, 

TIME MUST BE ALLOWED FOR OSCILLATIONS CAUSED BY A SUDDEN 

CHANGE IN JET DEFLECTION TO DAMP OUT AND FOR THE GUIDANCE SYS= 

TEM TO STABILIZE% 

IT WAS ASSUMED THAT THE VELOCITY ALONG THE FLIGHT PATH, 

MACH NUMBER, AND DYNAMIC PRESSURE, 4 , WERE THE SAME AS FOR 

VERTICAL FLIGHT THROUGHOUT THE REGION OF POWERED FLIGHT. 

DAMPING FORCES AND THE COMPONENT OF THRUST PERPENDICULAR TO 

THE FLIGHT PATH DUE TO ANGLE OF ATTACK WERE NEGLECTEDes BE= 

YOND FUEL SHUT-OFF DRAG WAS ALSO NEGLECTED, ІТ WAS FURTHER 

ASSUMED THAT THE MISSILE WAS KEPT IN TRIM AT ALL TIMES, 

WITH THESE CONSIDERATIONS IN MIND, THE PERTINENT EQUA= 

TIONS OF MOTION, WRITTEN WITH RESPECT TO FLIGHT PATH AXES, 

BECOME 

- ЛЕ 2 (ТІ, / 2) stn $ м, + M. = 0 

MV y = = (Ту 2) 5ιν КТ. WsIN y +N- N+ 

WHERE T = TOTAL THRUST IN LB 

1 = DISTANCE FROM CG TO JET PIVOT POINT ІМ ΕΤ 

N = NORMAL FORCE DUE TO ANGLE OF ATTACK IN LB 

15 = DISTANCE FROM CG ТО СР ІМ ΕΤ 

M+ = PITCHING MOMENT DUE TO TAB DEFLECTION IN FT=LB 

M Z MASS OF THE MISSILE IN SLUGS 

V = VELOCITY ALONG THE FLIGHT PATH IN FT/SEC 

W = WEIGHT OF THE MISSILE IN LB 



σπα 

СТСТ НАНАВА ы σι == PASE παμε 5 

N_ = NORMAL FORCE DUE TO TAB DEFLECTION IN LB 

JET DEFLECTION IN RADIANS ° 
" 

Y = FLIGHT PATH ANGLE MEASURED TO VERTICAL IN 
RADIANS 

Y= “4)/ dt ім RAD/SEC 

SIX CASES WERE SELECTED FOR CONSIDERATION, AND IT WAS Е5- TIMATED THAT THE DESIRED END RESULTS WOULD FALL SOMEWHERE WITHIN THEIR RANGE, 

(1) THRUST Ат sea LEVEL = 8000 POUNDS; SPECIFIC IMPULSE AT SEA LEVEL = 210 8εοονοθ; γε = 10 DEGREES; BURNING TIME = 76.0 SECONDS 

(2) THRUST AT SEA LEVEL = 8000 Ρουνυθ; SPECIFIC IMPULSE AT SEA LEVEL = 210 sEcoNps; γε = DEGREES; BURNING TIME = -76.0 SECONDS 

(3) THRUST AT sea LeveL = 8000 POUNDS; SPECIFIC IMPULSE AT SEA LEVEL = 210 sEcoNps; γε = 10 DEGREES; BURNING TIME = 72.0 SECONDS 

(4) THRUST AT SEA LEVEL = 8000 Pounds: SPECIFIC IMPULSE AT SEA LEVEL = 210 SECONDS; γε = DEGREES; BURNING TIME = 72.0 SECONDS 

(5) THRUST at sea Lever = 8800 POUNDS; SPECIFIC IMPULSE AT SEA LEVEL = 217 seconds; γε = 10 DEGREES; BURNING TIME = 72.0 SECONDS a 

(6) Тнвузт AT sea LeveL = 8800 POUNDS; SPECIFIC IMPULSE AT SEA LEVEL = 217 SECONDS; Tes DEGREES; BURNING TIME = 72.0 SECONDS 

WHERE Ур IS THE FLIGHT PATH ANGLE AT FUEL SHUT-OFF. 

A STEP BY STEP INTEGRATION WAS CARRIED OUT TO DETERMINE THE LENGTH OF TIME REQUIRED FOR THE MISSILE TO REACH FLIGHT PATH ANGLES oF 8 DEGREES AND 10 DEGREES. THIS WAS FOUND το VARY BETWEEN 15 AND 20 SECONDS DEPENDING UPON THE CASE UNDER CONSIDERATION, BUT IN ALL CASES SEVERAL SECONDS REMAIN AFTER REACHING THE REQUIRED FLIGHT PATH ANGLE BEFORE FUEL CUTOFF. Cases | ~ Д ARE PLOTTED IN Figures IIA AND ІІВ, SHOWING A RANGE VARIATION OF FROM 29.7 To 54.8 MILES, Cases 5 AND 6 ΑΡΕ PLOTTED IN FIGURE 11С AND SHOW A RANGE VARIATION OF FROM 50.2 To 62.2 mites. 
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IN ORDER TO CAUSE THE MISSILE TO FOLLOW THE FLIGHT PATH DESIRED, THE REFERENCE ANGLE (Oper) OF THE PITCH GYRO MUST BE SHIFTED ACCORDING TO A PRE=CALCULATED TIME PLAN, THIS PROGRAM WAS CALCULATED FOR 8000-POUND THRUST АТ SEA LEVEL FROM THE SAME EQUATIONS OF MOTION ASSUMED BEFORE AND RESULTS x PLOTTED IN FIGURE 12, THE 25-DEGREE ANGLE QUOTED FOR THE PERIOD DURING WHICH THE FLIGHT PATH ANGLE IS CHANGING FROM VERTICAL ТО EITHER 8 DEGREES OR |0 DEGREES FROM VERTICAL 1S NOT CRITICAL, BUT MUST BE LARGE ENOUGH TO CAUSE THE PITCH x JETS TO ROTATE AGAINST THEIR STOPS AND REMAIN THERE UNTIL x THE DESIRED y IS REACHED, 

| Т + + T= 

25.0 
= | 1 

| 6-55 
| | Τ 

10.0 = | | 
Γ VERTICAL 

FLIGHT ]| | 
| 

| 9.0 | PERIOD e: | | 
PERIOD OF CURVING 

FLIGHT PATH 
Ὁ Ie T = 

Т T Ὁ 
| 

E 
о 8.0 T = = 
ш 
о 

x z 

L к= 
y =8° | ш 

с 
5 7.0 = 
ш 

PERIOD OF CONSTANT Š 
FLIGHT PATH ANGLE 

6.0 

e] 

үе 

ο 45 50 55 6ο 65 7ο 75 80 85 
TIME AFTER TAKEOFF IN SECONDS 

FIG 12 -- Oker REQUIRED FOR INDICATED FLIGHT PROGRAM 
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D. OPTIMUM SERVO CONSTANTS FOR STABILIZATION SYSTEM 

THE TRANSFER FUNCTION ANALYSIS DESCRIBED IN REFERENCE 2, 

PAGES 24 To 29, WAS SUBMITTED TO THE ANALYSIS LABORATORY AT 

CALIFORNIA INSTITUTE OF TECHNOLOGY FOR DETERMINATION ОҒ ОРТІ- 

MUM VALUES ΟΕ THE SERVO CONSTANTS ON THE ANALOG COMPUTORe 

VALUES ОҒ Кә, Kg, AND Κε WHICH GAVE GOOD PERFORMANCE 

THROUGHOUT THE ENTIRE FLIGHT WERE FOUND TO BE 

Kg = 0.035 vottTs/DEGREE 
Ks = 0.53 voLTs/DEGREE 
Ke = 0401 VOLTS/DEGREE 

THE OTHER SERVO CONSTANTS HAD BEEN DETERMINED PREVIOUSLY 

BY LABORATORY TESTSe AIRCRAFT RESPONSE CONSTANTS WERE DETER= 

MINED AS A FUNCTION OF THE TIME OF FLIGHT FROM AERODYNAMIC 

DATA, ΤΗΕΘΕ OPTIMUM ΟΟΝΘΤΑΝΤΘ HAVE NOT YET BEEN TRIED IN THE 

SIMULATOR DUE TO PRACTICAL DIFFICULTIES ENCOUNTERED AND А 

DISCREPANCY BETWEEN THE SIMULATOR RESPONSE AND THE RESPONSE 

INDICATED BY THE TRANSFER FUNCTION ANALYSIS, 

THE SET OF SERVO CONSTANTS WHICH HAS BEEN USED ON THE 

SIMULATOR 15: 

0.15 VOLTS/DEGREE (FREE GYRO) 
0.07 VOLTS/DEGREE (FEEDBACK) 
0.07 VOLTS/DEGREE (RATE GYRO) ххх по 9. пни 

THESE CONSTANTS GIVE STABLE ROLL CONTROL ON THE SIMULA= 

Тов. WHEN THESE CONSTANTS ARE USED IN EITHER THE TRANSFER 

FUNCTION ANALYSIS OR IN THE ANALOG COMPUTER THEY CAUSE THE 

SYSTEM TO BE UNSTABLE. THE REASON FOR THIS DISCREPANCY HAS 

NOT BEEN DETERMINED BUT SEVERAL POSSIBILITIES EXIST, 

(1) ІМ BOTH THE TRANSFER=FUNCTION ANALYSIS AND ANALOG= 

COMPUTER STUDY, LINEAR AMPLIFIER-HYDRAULIC=SYSTEM 

OPERATION WAS ASSUMED. THE TIME LAG AND ATTENUA- 

TION IN THE ACTUAL SYSTEM MAY BE CONSIDERABLY LESS 

THAN THAT OF A LINEAR SYSTEMe 

(2) THE STABILIZING EFFECT OF VISCOUS AND STATIC FRIC= 

TION PRESENT IN THE SIMULATOR TABLE IN ITS ROLL 

MOTION MAY ВЕ ΑΡΡΒΕΟΙΑΒΙΕΟο THE COMBINATION OF THE 

TWO MAY HAVE A GREATER STABILIZING EFFECT THAN ANY 

AERODYNAMIC DAMPING CONSIDERED IN THE TWO THEORET= 

ICAL CASESe 
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(3) THE SIMULATOR DOES NOT SIMULATE THE ACTUAL MISSILE. 

(4) THE SERVO CONSTANTS MAY HAVE BEEN DETERMINED INCOR= RECTLY. 

FURTHER LABORATORY TESTS WILL INDICATE THE REASON FOR THE DISCREPANCY, 

Ε. INVESTIGATION OF LONG RANGE TRAJECTORIES 

DURING THE SEPTEMBER, OCTOBER, AND NOVEMBER REPORT PER= 
100, ATTEMPTS WERE MADE TO DEVELOP SIMPLER WAYS OF OBTAINING 
THE SPACE RANGE BETWEEN LAUNCHING SITE AND TARGET ON THE RO= 
TATING EARTH, THE MOST SUCCESSFUL METHOD OF COMPUTATION АР- 
PEARS TO BE THE USE OF SUCCESSIVE APPROXIMATIONS. HOWEVER, 
MEANS HAVE BEEN DEVELOPED FOR EFFECTING A CONSIDERABLE ВЕ- 
DUCTION IN THE CALCULATIONS REQUIRED FOR A SERIES OF APPROX= 
ΙΜΑΤΙΟΝΘΟο 

THESE COMPUTATIONS FOR THE ROTATING EARTH HAVE BEEN FOR 
EASTWARD DIRECTIONS ALONG THE EQUATOR. FOR WESTWARD FLIGHTS 
ALONG THE EQUATOR, HARDLY MORE THAN A CHANGE OF SIGN 15 ΙΝ- 
VOLVED FOR SIMILAR COMPUTATIONS. FOR OBLIQUE RANGES ΙΝ THE 
LATITUDES, A RELATIVELY SMALL AMOUNT OF ADDITIONAL COMPUTA= 
TION IS REQUIRED, IN WHICH THE SIMPLE COSINES OF LATITUDE 
FUNCTIONS ARE READILY INTRODUCED AND ROUTINE GREAT CIRCLE 
DISTANCES TO THE TARGET, AS AFFECTED BY EARTH ROTATION DURING 
TIME=IN=FLIGHT, ARE REQUIRED IN ACCORDANCE. WITH STANDARD NAV= 
IGATIONAL PRACTICE. 

DATA FOR A RANGE oF 4500 MILES BETWEEN FUEL SHUT-OFF 
POINT AND TARGET ARE BEING CALCULATED. SHUT-OFF IS PRESUMED 
ΤΟ OCCUR 500 MILES FROM THE LAUNCHING SITE AND AT A HEIGHT OF 
NOT OVER 200 MILES. WHEN COMPLETED, THESE DATA MAY BE СОМ- 
VERTED INTO GRAPHS SHOWING SHUT-OFF VELOCITIES AND ТІМЕ-ІМ- 
FLIGHT FOR 4500 MILE TRAJECTORIES WHICH START WITH A VELOCITY<= 
VECTOR ELEVATION ANGLE ОҒ |5 DEGREES. IT IS PLANNED TO ЕХ- 
TEND THE CALCULATIONS TO OTHER ANGLES NEAR |5 DEGREES. 

FOR PURPOSES OF COMPARISON, A MINIMUM ENERGY TRAJECTORY 
OF 4500 MILES FROM A FUEL SHUT-OFF POINT AT A HEIGHT EQUAL TO 
0.05 PERCENT OF THE EARTH'S RADIUS (oR ABOUT 200 MILES А1ТІ- 
TUDE) HAS BEEN CALCULATED. THE MAGNITUDE AND ANGLE OF ELEVA= 
TION OF THE VELOCITY VECTOR AT SHUT-OFF WERE FOUND TO ΒΕ 
20,701.05 FEET PER SECOND AND 27 DEGREES-38 MINUTES=29.0 sEc- 
ONDS, RESPECTIVELY. THE TIME=IN=FLIGHT FOR THIS RANGE ON A 
NON-ROTATING EARTH WAS FOUND To ВЕ 1635.54 SECONDS. 
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F. DISSOCIATION OF BOUNDARY LAYER GASES 

INVESTIGATION OF THE EFFECT OF HEAT ABSORBING DISSOCIA= 

TION REACTIONS IN REDUCING BOUNDARY LAYER TEMPERATURES AT 

VARIOUS SPEEDS AND ΑΜΒΙΕΝΤ PRESSURES HAS PROVIDED ADDITIONAL 

INFORMATION IN THE HYPERSONIC SPEED ΕΒΑΝΘΕο 

Ειαυβε 7D оғ PAGE 35 OF REFERENCE 3 IS HEREIN EXTENDED 

OVER THE ENTIRE RANGE OF ALTITUDES SIGNIFICANT IN THE WARHEAD 

SKIN HEATING PROBLEM OF THE MISSILE OF PROJECT MX~774. СнЕМ]— 

CAL EQUILIBRIUM OF THE TYPES OF REACTIONS CONSIDERED IS АЗ= 

SUMED COMPLETE АТ ALL TIMES. OTHER REACTIONS, INVOLVING АС- 

TIVATED STATES OF MOLECULES AND ATOMS AND ELECTRICALLY CHARGED 

PARTICLES, WERE NOT CONSIDERED BECAUSE NO DATA ARE AVAILABLE 

ON EQUILIBRIUM CONSTANTS AND HEATS OF REACTION ON WHICH TO 

BASE A QUANTITATIVE ANALYSIS. DISSOCIATION CONSTANTS WERE 

TAKEN FROM REFERENCE 4. MOLAR SPECIFIC HEATS WERE TAKEN FROM 

REFERENCE 5. 

THE CHEMICAL EQUILIBRIUM EQUATIONS OF FORMATION OF NO, O, 

AND N ARE THE BASIS OF THE CALCULATION OF DISSOCIATION. 

1/2 № + 1/2 0ρς-ΝΟ 

023220 

Νο 2N 

LETTING 

X Ξ NUMBER OF MOLES OF ΝΟ THAT ARE FORMED 

Y Z NUMBER OF MOLES OF О FORMED 

AND Z = NUMBER OF MOLES OF N FORMED 

THEN THE EQUILIBRIUM EQUATIONS ARE: 

μωρο E ш ο сес 

(һә) - (x/2) = (2/2)] (о2) - (x/2) - (Y/2)| 

22 #1 е с Алта! е. ең ες @2) 

(о) - (x/2) - (υ/α)] |1 + (2/21 + (v/21] 

Крмо = 
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z? р = ————_ ( “Pn (м) - x72) - (2/2)] [+ (272) + ay 3 

WHERE P IS THE TOTAL PRESSURE ΙΝ ATMOSPHERES, THE EQUILIBRIUM 
CONSTANTS K ARE AS INDICATED BY SUBSCRIPTS, AND THE ΡΑΒΕΝΤΗΕ- 
TICAL QUANTITIES ARE MOLAR CONCENTRATIONS OF THE INDICATED 
SUBSTANCES, 

THE EQUATION N Ο5ΞΝ + O IS REDUNDANT BECAUSE IT'S EQUILI- BRIUM CONSTANT MAY BE EXPRESSED IN TERMS OF THE ABOVE EQUILI- BRIUM CONSTANTS AS FOLLOWS: 

N ON + 0 

τ. (М) (0) 

4 (Νο) 

(B). (ο) ΠΑΟ) = (pa) 
[Ne]. Fp) (N ο) 

AIR WAS TAKEN AS 0p = 21 PERCENT, Nə = 78 PERCENT, AND 
А = | PERCENT BY VOLUMES 

SOLVING OF THE THREE EQUILIBRIUM EQUATIONS SIMULTAN= EOUSLY IS NOT SIMPLE. A COMBINATION OF GRAPHICAL AND TRIAL= AND=ERROR METHODS WAS USED FOR THEIR SOLUTION. Εφυατιον (|) WAS PLOTTED GRAPHICALLY ON A SERIES OF CURVES OF LOG|o X νεη- SUS Ι/ΤΟ KELVIN FOR VALUES OF Y RANGING FROM O TO 0.4 AND VALUES OF Z FROM О To 1.4, ΤΗΕ RANGE ОЕ (06|0 X BEING FROM -0.6 το -2,0 AND I/T RANGING FROM ,.00018 To ,00050, VERY SMALL INACCURACIES OCCURRED IN THE USE OF THESE GRAPHS ουτ- SIDE THESE RANGES, BUT THE ERROR INVOLVED IN THE FINAL БЕ- SULT IS BELIEVED TO BE NEGLIGIBLE, 

BY USING THESE GRAPHS, THE TIME FOR THE TRIAL-AND=ERROR 
SOLUTION OF THE THREE SIMULTANEOUS EQUILIBRIUM EQUATIONS WAS 
REDUCED MATERIALLY. 
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WHEN VALUES OF X, Y, AND 7 WERE FOUND FOR A RANGE ОР 

TEMPERATURES AND PRESSURES, THE REQUIRED HEAT TO ACHIEVE THIS 

CONDITION FROM 0 DEGREES CENTIGRADE WAS COMPUTED. THE TERMS 

APPEARING IN THIS HEAT SUMMATION ARE AS FOLLOWS: 

HEAT ОЕ NO FORMATION = X TIMES ДЕМО 

HEAT OF O FORMATION = Y ΤΙΜΕΘΔΕΡΟ 

HEAT ОЕ N FORMATION = 7 TIMES ΔΕΝ 

μη 2 
ΤΙΜΕΘ Όρ (MoLAR) АТ 

е) 
Times C, (моһав) АТ 

02 HEATING 

No HEATING 

NO HEATING = X TIMES Ср (MOLAR) AT 

FORMATION OF Y / 2 Ποιες (RT 23 

FORMATION OF 2 / 2 hots = στ 2) 

Ὁ нектіне το 7 ЗАТ 

5-2 AF N HEATING 

ARGON HEATING = «Οἱ Times 5 T 

THE UNITS OF THIS SUMMATION ARE CALORIES PER MOLE WEIGHT 

OF ORIGINAL AIR, THIS AMOUNT WAS CONVERTED TO BTU PER POUND 

OF ORIGINAL AIR ΒΥ THE FACTOR 1.8 / 28.97. 

SINCE THE BOUNDARY LAYER TEMPERATURE WAS DESIRED AS A 

FUNCTION OF FLIGHT VELOCITY, AND ASSUMING THAT THE TOTAL ЕМ- 

ERGY OF THE FREE STREAM BEING BROUGHT TO REST IN THE BOUNDARY 

LAYER IS EXPRESSED AS AN INCREASE IN ENTHALPY, FLIGHT VELO= 

CITY WAS OBTAINED BY, 

v = [260 Ан FT/SEC E@ (4) 

THE SUMMATION OF HEAT ABOVE MULTIPLIED BY 
s 

Te со 9 NO = 
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FIGURE 13 IS A PLOT OF T VERSUS V WITH AMBIENT PRESSURE 
AS А THIRD PARAMETERe АН MAY BE COMPUTED FROM Figure 13 WITH 
THE AID OF EQUATION (4). THE FACTOR N IS THAT DISCUSSED IN 
REFERENCE 3, 

TWO SMALL ERRORS ARE PRESENT IN THE CALCULATION OF THE 
SUMMATION OF ΗΕΑΤ. THE DISSOCIATION REACTION WAS ASSUMED το 
TAKE PLACE АТ Ü DEGREES CENTIGRADE. HOWEVER, VALUES OFAE FOR 
O DEGREES KELVIN WERE USED INSTEAD. ALSO, THE VALUE oF T USED 
IN CALCULATING THE HEAT OF FORMATION OF NEW MOLES oF O AND N 
WAS FROM О DEGREES CENTIGRADE RATHER THAN FROM О DEGREES κει- 
VIN. THE MAGNITUDE OF THE FIRST ERROR IS APPROXIMATELY ONE 
PERCENT FOR THE DISSOCIATION REACTION, THE VALUE COMPUTED ВЕ- 
ING HIGH. HOWEVER, THE ERROR ON THE SUMMATION IS SOMEWHAT 
LESS THAN ONE PERCENT DUE TO THE ADDED HEATING TERMS, THE ER- 
ROR IN THE SECOND CASE DEPENDS ON THE TEMPERATURE AND IS A 
GREATER PROPORTION AT THE LOWER TEMPERATURES, BUT BECAUSE THIS 
TERM IS SO SMALL IN COMPARISON WITH THE REST OF THE HEAT, ITS 
EFFECT ON THE FINAL RESULT IS ALMOST NEGLIGIBLE. THIS ERROR 
DECREASES THE VALUE OF THE SUMMATION OF HEAT, SO THAT THE TWO 
ERRORS EXERT A COMPENSATING EFFECT ON EACH OTHER, 

THE CURVES OF FIGURE 13 HAVE BEEN PLOTTED FROM 3 POINTS 
ON EACH CURVE: zia DEGREES F (5000 DEGREES K), 5842 DEGREES 
F (3500 pecrees K), АМО 3140 рЕввЕЕЗ F (2000 DEGREES K), WITH 
THE EXCEPTION OF CURVES FOR P = |, AND |0 ATMOSPHERES WHERE 
THE LOWEST TEMPERATURE IS 4042 ΡΕΘΡΕΕΘ F (2500 vecrees K), As 
THE CALCULATION OF MORE POINTS WOULD BE A TEDIOUS PROCESS, IT 
WAS DEEMED ТО BE UNNECESSARY AT THIS TIME. HOWEVER, WHEN 
PLOTTING, THE CURVES WERE FAIRED SO AS TO TAKE ADVANTAGE OF 
THE POSITION OF POINTS ON ADJACENT CURVES, SO THAT THE ACCUR- 
ACY MAY NOT BE SO FAR OFF AT INTERMEDIATE POINTS AS MIGHT AT 
FIRST BE EXPECTED. 

THE DATA AS CALCULATED FOR Figure 1% BEING AVAILABLE, 
VALUES OF Ср AND У FOR AIR, INCLUDING DISSOCIATION EFFECTS, 
WERE CALCULATED АМО ARE PRESENTED AS Ficures l4 AND 15, 

THE EQUATIONS FOR THESE VALUES ARE: 

c. = 4H 

AT(N) 
CALORIES/MOLE AT Το Ее (5) 

WHERE AH = ΤΗΕ PREVIOUSLY DETERMINED HEAT SUMMATION FROM 
О DEGREES CENTIGRADE ТО Το, AT = To DEGREES CENTIGRADE, N = 
NUMBER OF MOLES AT To. 

IN ORDER TO BE CONSISTENT WITH FIGURE 13, AND TO KEEP THE 
MORE COMMON ENGINEERING UNITS, То WAS PLOTTED ІМ DEGREES KELVIN, 
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GRAPH IS BASED ON COMPLETE CHEMICAL EQUILIBRIUM. 

| ACTUAL BOUNDARY LAYER TEMPERATURES MAY BE 

HIGHER BECAUSE OF HEAT CAPACITY LAG AND 

DISSOCIATION LAG, OR LOWER DUE TO NEGLECT OF 

1,000 - + DISSOCIATION INTO ELECTRICALLY CHARGED PARTICLES. 

INCLUDES EFFECTS OF DISSOCIATION OF AIR INTO N, ο, 

18 AND ΤΗΕ FORMATION ΟΕ ΝΟ, AND OF VARIABLE Gp. 

ACTUALLY BASED ON AN INITIAL TEMPERATURE Τα 

ο EQUAL TO 32°F, BUT IN ERROR LESS THAN 1/2 % 

WITHIN + 100° OF 32° Е. 

Vz =| GIVES STAGNATION TEMPERATURE (ІБЕМТКОРІО), 

Γ IF CURVE CORRESPONDING ΤΟ ΤΗΕ STAGNATION 

PRESSURE 15 USED. 

ο 5000 ΙΟΟΟΟ 15,000 20,000 25000 30,000 

уф X VELOCITY, FT/SEC 

FIG I3 -- BOUNDARY LAYER TEMPERATURE RISE AS A FUNCTION OF 

VELOCITY AND BOUNDARY LAYER PRESSURE 
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a 
3000 4000 

T,, TEMPERATURE ,° KELVIN 

FIG 15 -- AVERAGE Ύ FROM 29770 То FOR VARIOUS 

i PRESSURE CONDITIONS 

R 
2 = | + —— WHERE R = UNIVERSAL GAS CONSTANT, 1.987 

Ср - R 
CALORIES/DEGREE KELVIN. Cp = MOLAR SPECIFIC HEAT AS ABOVE, 

THE SAME DISCUSSION AS TO ERROR AND NUMBER OF COMPUTED 
POINTS FOR FIGURE 13 ALSO APPLIES TO Figures 14 AND 15. 

32 



‚| зай ымын" τω στ sr =. 

б. EFFECT OF NOZZLE INSERTS ON ROCKET MOTOR PERFORMANCE 

THE USE OF DROPPABLE INSERTS IN THE EXHAUST NOZZLE FOR 
THE ROCKET MOTOR UNDER CONSIDERATION FOR PROJECT MX=774 HAS 
BEEN FOUND TO INCREASE THE THRUST OF THE MOTOR APPRECIABLY 

4 AND UNDER CERTAIN CONDITIONS AS MUCH AS 10 PERCENT. CALCU-= 
LATIONS WERE CARRIED OUT ON A MOTOR CONFIGURATION HAVING A 
ONE FOOT DIAMETER THROAT AND A SEVEN FOOT DIAMETER MAXIMUM 

а EXIT SECTION SIMILAR TO THAT PROPOSED BY АЕВОЈЕТ, Ficure 16, 

20.FT 

FIRE WALL 

4 

1 

VALVES 
1 

ТЕРТ PUMPS 7 FT. AT END AND OF NOZZLE 

' TURBINE 

ә 

APPROX. EXTERNAL SHELL OUTLINE 

PROPELLANT: HYDROGEN AND OXYGEN CHAMBER PRESSURE = 500 PSI DESIGN ALTITUDE = 70,000 ΕΤ. 

FIG 16 -- ROCKET MOTOR WITH VARIABLE NOZZLE 

THE PROPELLANTS ASSUMED IN THE ANALYSIS WERE OXYGEN AND 
HYDROGEN USING А |00 PERCENT EXCESS ОҒ HYDROGEN, THE BASIC 
EQUATION OF THE CHEMICAL REACTION BEING: 

EFFECTS OF DISSOCIATION OF Н20 INTO Ho, H, 0, ОН, AND 
02 WERE INCLUDED IN ΤΗΕ ANALYSIS, COMPLETE CHEMICAL EQUILI= 
BRIUM WAS ASSUMED AT ALL TIMES. ACTUAL QUANTITIES CALCULATED 
MAY ВЕ IN ERROR BY 5 TO 10 PERCENT, BUT THE COMPARISON BETWEEN 
THE RESULTS SHOULD BE FAIRLY ACCURATE AS THE SAME BASIC DATA, 
WHICH WERE REDUCED TO SMOOTH CURVES IN ΤΗΕ CASE OF THE р1550- 
CIATION, WERE USED THROUGHOUT THE ANALYSIS. NO ATTEMPT WAS 
MADE TO COMPUTE THE THRUST OF THE MOTOR WITHOUT INSERTS IN THE 
OVEREXPANDED (OR UNDER ATMOSPHERIC) CONDITION FOLLOWED BY A 
SHOCK WAVE OR SERIES OF SHOCK WAVES. 

& 

--44 
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6. EFFECT OF NOZZLE INSERTS ON ROCKET MOTOR PERFORMANCE 

THE USE OF DROPPABLE INSERTS IN THE EXHAUST NOZZLE FOR 
THE ROCKET MOTOR UNDER CONSIDERATION FOR PROJECT MX=774 HAS 
BEEN FOUND TO INCREASE THE THRUST OF THE MOTOR APPRECIABLY 

4 AND UNDER CERTAIN CONDITIONS AS MUCH АЗ |0 PERCENT. CALCU= 
LATIONS WERE CARRIED OUT ON A MOTOR CONFIGURATION HAVING A 
ONE FOOT DIAMETER THROAT AND A SEVEN FOOT DIAMETER MAXIMUM 

Е EXIT SECTION SIMILAR TO THAT PROPOSED BY AEROVET, FIGURE 16, 

20.FT 

FIRE WALL 

VALVES 

ТЕТ PUMPS ΤΕΤ AT ЕМО 
AND OF NOZZLE 

‘ TURBINE 

| Hee 4 πυρος + == 

PROPELLANT: HYDROGEN AND OXYGEN CHAMBER PRESSURE= 500 PSI DESIGN ALTITUDE =70,000 FT 

FIG 16 -- ROCKET MOTOR WITH VARIABLE NOZZLE 

THE PROPELLANTS ASSUMED IN THE ANALYSIS WERE OXYGEN AND 
HYDROGEN USING А 100 PERCENT EXCESS OF HYDROGEN, THE BASIC 
EQUATION OF THE CHEMICAL REACTION BEING: 

2H, + 1/2 Ορ H20 + Ho 

EFFECTS OF DISSOCIATION OF Н20 INTO Ho, H, О, ОН, AND 
02 WERE INCLUDED IN ΤΗΕ ANALYSIS. COMPLETE CHEMICAL EQUILI= 
BRIUM WAS ASSUMED АТ ALL TIMES. ACTUAL QUANTITIES CALCULATED 
MAY BE IN ERROR BY 5 TO |0 PERCENT, BUT THE COMPARISON BETWEEN 
THE RESULTS SHOULD BE FAIRLY ACCURATE AS THE SAME BASIC DATA, 
WHICH WERE REDUCED TO SMOOTH CURVES IN THE CASE OF THE DISSO= 
CIATION, WERE USED THROUGHOUT THE ANALYSIS. NO ATTEMPT WAS 
MADE TO COMPUTE THE THRUST OF THE MOTOR WITHOUT INSERTS IN THE 
OVEREXPANDED (OR UNDER ATMOSPHERIC) CONDITION FOLLOWED BY A 
SHOCK WAVE OR SERIES OF SHOCK WAVESe + 

+ 
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CHEMICAL EQUILIBRIA WERE CALCULATED АТ 500 PSIA AND VARI- 
OUS TEMPERATURES UNTIL THE HEAT RELEASED BY THE REACTION EQUAL= 
ED THE HEAT REQUIRED TO RAISE THE TEMPERATURE OF THE PRODUCTS 
TO THE ASSUMED TEMPERATURE; THESE ARE COMBUSTION CHAMBER STAG= 
NATION CONDITIONS. AT A LOWER TEMPERATURE AND PRESSURE у WAS 
COMPUTED AND THE TEMPERATURE RATIO OBTAINED FROM THE EQUATION 

Τομαμβεν. / Ττµποατ” | * (Ф сад ες 2| м2 

WHERE М = | FOR THE NOZZLE THROAT. BY TRIAL AND ERROR, VALUES 
ος, Tr AND Рт WERE FOUND TO BE MUTUALLY CONSISTENT АТ М = l; 
THUS ESTABLISHING THE CONDITIONS AT THE NOZZLE THROAT, СНЕМ- 
ICAL AND THERMAL EQUILIBRIUM BEING AGAIN ESTABLISHED AS FOR 
THE COMBUSTION CHAMBER. P+ WAS CALCULATED FROM THE ADIABATIC 
THEORY. 

CHEMICAL AND THERMAL EQUILIBRIA WERE AGAIN ESTABLISHED BY 
TRIAL AND ERROR FOR VARIOUS EXIT PRESSURES AND THE STATE OF 
THE EXHAUST PRODUCTS FOUND. KNOWING THE ENERGY RELEASED AND 
THE SPECIFIC VOLUME OF THE EXHAUST PRODUCTS, THE VELOCITY AND 
THEN THE EXIT AREA WERE COMPUTED. WHEN THE EXIT AREA REACHED 
A VALUE OF 28.5 SQUARE FEET, CORRESPONDING TO A MAXIMUM NOZZLE 
EXIT DIAMETER ОҒ Т FEET, THE PROCESS WAS TERMINATED. 

Figure 17 SHOWS THE DIFFERENCE BETWEEN THE ENERGY RE- 

LEASED BY COMBUSTION AND THE ENERGY REQUIRED TO HEAT THE СОМ- 
BUSTION PRODUCTS TO THE TEMPERATURE PLOTTED AS ABSCISSA FOR 
SELECTED POINTS IN COMPLETE CHEMICAL EQUILIBRIUM. THIS ENER= 
GY DIFFERENCE 18 EQUAL TO THE KINETIC ENERGY OF THE EXHAUST 
cas (E = v“ / 2G). HENCE THE EXHAUST VELOCITY IS KNOWN АЗ А 
FUNCTION OF EXIT PRESSURE. THE APPARENT BUMP IN THE CURVE OF 

Ficure 17 OF HEAT ABSORBED BY HEATING AND DISSOCIATION IS POS- 

SIBLY DUE TO THE VARIATION IN SPECIFIC HEATS REACHING А МАХІ- 

MUM RATE OF INCREASE WITH TEMPERATURE. DISSOCIATION ENERGY OF 

FIRST Н20 AND SECOND Но AND Оо AT THE HIGHER TEMPERATURES 

THEN TENDS TO INCREASE THE SLOPE AGAINe 

THRUST WAS COMPUTED FROM THE EQUATION: 

F = Mv + AL (Ρε - Ж. 

FOR ΤΗΕ VARIOUS CONDITIONS CONSIDERED AND PLOTTED AGAINST AL- 
TITUDE RATHER THAN Р IN FIGURE 18. 
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SECTION V 
PROPULSION AND FUEL 

А. HYDROGEN PEROXIDE TANK 

PRESSURE TEST OF THE H202 TANK PROVED IT το ВЕ UNDER= STRENGTH. THIS TANK IS OF WELDED ALUMINUM ALLOY CONSTRUCTION. WIRE WRAPPING WAS FOUND TO BE THE MOST SUITABLE METHOD OF RE- INFORCING THE TANK AND THE TANK WAS REDESIGNED. A WRAPPED 
TANK OF THE OLD DESIGN WITHSTOOD 425 PSI so THE REDESIGN SHOULD END THE TROUBLE. IN THE INTERIM, A BREATHING-OXYGEN TANK WAS MOUNTED ON THE OUTER SURFACE OF THE STATIC FIRING 
TEST ARTICLE TO SERVE DURING STATIC TESTS AT POINT LOMA. 

В. COLD CHECK AND STATIC FIRING TEST ON PROPULSION SYSTEM 

AN ACCOUNT OF THESE TESTS AT POINT LoMA IS GIVEN IN 
SECTION IX OF THIS REPORT. 

C. FUTURE TEST OF POWER PLANT 

THE DAMAGED ENGINE, FIGURE 19, IS το BE REPAIRED IN 
СУАС!5 SHOP, FOUR SPARE ENGINE CYLINDERS ARE TO BE ASSEMBLED 
ONTO THE MOUNT FOR RESUMPTION OF FIRING TESTS AT POINT LOMA. FOR THESE TESTS, ALL NON-ESSENTIAL MECHANICAL AND ELECTRONIC PARTS ARE TO BE LEFT OFF THE MISSILE. STEPS ARE BEING TAKEN 
TO PREVENT THE RECURRENCE OF FAULTY IGNITION. 

TESTS AT ΡΟΙΝΤ LOMA, WITH THE MISSILE CONTAINING ALL PROPOSED FLIGHT EQUIPMENT, ARE SCHEDULED TO BE RESUMED ABOUT | FEBRUARY 1948. THESE TESTS WILL BE CONDUCTED WITH EITHER THE REPAIRED ENGINE OR THE FIRST PRODUCTION ENGINE TO BE DE- 
LIVERED BY RMI, 

ACCEPTANCE TESTS FOR THE FIRST PRODUCTION ENGINE WERE PROMISED BY RMI TO START AT THEIR PLANT ON I7 DECEMBER 1947. OUR PROPOSAL TO RUN ACCEPTANCE TESTS OF THE PRODUCTION ENGINE ON OUR STAND TOGETHER WITH ALL ENGINE EQUIPMENT UNDER NORMAL CONDITIONS OF USE WAS TURNED DOWN BY RMI, 
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T-7470 T-7467 

FIG 19 -- DAMAGE TO ENGINE SECTION COMPONENTS DURING 

FIRST STATIC RUN 
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SECTION VI 
STABILIZATION AND CONTROLS 

A. EQUIPMENT INSTALLATION 

WORK ON THIS PHASE CONSISTED PRIMARILY OF FINAL LABORA= TORY TESTING OF THE AMPLIFIER AND GYRO PANEL ASSEMBLY AND ΙΝ- STALLATION OF THE SYSTEM IN THE STATIC TEST MISSILE. PRELIM= INARY OPERATIONAL TESTS, IN PREPARATION FOR THE FIRING TESTS, WERE THEN CONDUCTED, 

ΤΗΕ No, 2 STABILIZATION PANEL ASSEMBLY, ORIGINALLY ΙΝ- TENDED FOR FLIGHT MissiLE No, 2 ts NOW BEING COMPLETED FOR USE IN THE No, | FLIGHT MISSILE, THIS ARRANGEMENT WILL PERMIT MORE EXTENSIVE USE OF THE FIRST PANEL IN THE GROUND TEST MIS- SILE AND WILL LEAVE A COMPLETE SYSTEM AVAILABLE FOR SIMULATOR TESTS DURING GROUND TESTS ON THE MISSILE. THE SECOND PANEL IS APPROXIMATELY 90 PERCENT COMPLETE. 

Β. EQUIPMENT DEVELOPMENT 

[> AMPLIFIERS 

WITH CONCLUSION ОЕ TESTS PERFORMED UNDER THIS PRO= GRAM DURING THE PREVIOUS BI=MONTHLY WORK PERIOD, NO FURTHER 
WORK HAS BEEN NECESSARY ON THE AMPLIFIERS FOR ΤΗΕ STABILIZA= 
TION CONTROL SYSTEM OTHER THAN FINAL CHECKING AND SEALING ВЕ- FORE INSTALLATION IN THE MISSILE. AMPLIFIERS HAVE BEEN CON= 
STRUCTED FOR TWO MISSILE INSTALLATIONS WITH AN ADDITIONAL SET TO BE USED AS A SPARE, 

2% Gyros 

FINAL OPERATIONAL TESTING AND ADJUSTMENTS HAVE BEEN MADE ON THE GYROS WHICH ARE NOW INSTALLED IN THE STATIC TEST MISSILE, A SPARE SET OF GYROS FOR THIS MISSILE HAS BEEN СОМ- PLETED AND IS READY FOR USE, 

MODIFICATIONS FOUND NECESSARY AS A RESULT OF TESTS ON THE FIRST SET OF GYROS HAVE BEEN MADE ON THE GYROS FOR 
FLIGHT MisstLte No, | АМО ALL SPARE SETS, THESE MODIFICATIONS 
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INCLUDE CHANGE OF RATIOS ON THE AUTOSYN PICK-OFFS TO INCOR= 
PORATE NEW SERVO CONSTANTS, AS RECOMMENDED BY DYNAMICS STUDIES 
AND CONFIRMED BY SIMULATOR TESTS, AND ADDITION OF AUTOMATIC 

CAGING BUTTONS TO THE GYROS SO AS TO FACILITATE GROUND TESTSe 
WORK HAS BEEN DISCONTINUED ON THE PIONEER GYRO MODIFICATIONS 

AND LAYOUTS PROPOSED FOR INSTALLATION IN THE THIRD MISSILE 

PANEL ASSEMBLY. 

2. SOLENOID CONTROL VALVES 

THE ALL ALUMINUM CONTROL VALVE BLOCK ASSEMBLY, AS 
DESCRIBED IN REFERENCE 2, AND ONE SET OF INTEGRAL CONTROL 

AND SERVO RESPONSE UNITS HAVE BEEN GIVEN FINAL TESTS ON THE 

SIMULATOR. AFTER SATISFACTORY OPERATION THEY WERE INSTALLED 
IN THE STATIC Test MISSILE, DURING THE FIRING TEST, THE 
VALVE ASSEMBLY WAS DAMAGED, REQUIRING IT TO BE REBUILT. A 

SECOND CONTROL VALVE-FOR USE IN FLIGHT MissiLE No, | HAS BEEN 
RECEIVED FROM THE VENDOR, AND IS CURRENTLY BEING ASSEMBLED 

WITH ITS CONTROL SOLENOIDS. 

4. INTEGRAL CORRECTION AND RESPONSE UNIT 

SOME DIFFICULTY WAS ENCOUNTERED IN USING THE ORIG= 

INAL INTEGRAL CORRECTION AND RESPONSE UNITSe ROUGHNESS IN 

THE GEARING MADE ΙΤ NECESSARY TO OPERATE THE INTEGRAL SYSTEM 

AT A HIGHER GAIN SETTING THAN IS DESIRABLE. TO OVERCOME THIS 

TROUBLE, NEW MECHANISMS HAVE BEEN DESIGNED AND BUILT USING 

INSTRUMENT=TYPE СЕАВІ Ма, THESE UNITS HAVE BEEN TESTED WITH 

VERY SATISFACTORY RESULTS. FIGURE 20 SHOWS ONE OF THESE UNITS 

WITH THE COVERS REMOVED. THE EXTERNAL GEARING PROVIDES MEANS 

FOR HAND "ZEROING" AND DRIVES ΤΗΕ TELEMETERING POTENTIOMETERe 

DURING THE FIRING TEST AT POINT LOMA, ONE SET OF 
THE INTEGRAL CORRECTION AND RESPONSE UNITS WAS DAMAGED SO AS 

TO REQUIRE REPLACEMENT, ΤΗΕ SET ORIGINALLY CONSTRUCTED FOR 

SPARES HAS BEEN INSTALLED IN THE STATIC TEST MISSILE AND 
ANOTHER SET OF SPARES IS READY FOR USE, 

RESULTS OF THE INTEGRAL CORRECTION AND RESPONSE 
SYSTEM TEST CONDUCTED DURING THE SUBJECT REPORT PERIOD ARE 
SHOWN IN FIGURE 21. RATE OF INTEGRAL CORRECTION WAS FOUND 

TO BE PROPORTIONAL TO THE FREE GYRO ERROR SIGNAL OVER A 
RANGE OF PLUS OR MINUS 0.15 DEGREESe THE MAXIMUM RATE OF 
CORRECTION IS APPROXIMATELY 1.50 DEGREES PER ЅЕСОМО, 
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FIG 20 -- INTEGRAL CORRECTION AND RESPONSE UNIT MODEL 2 
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FIG 21 -- RESPONSE RATE VERSUS ERROR SIGNAL 
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5. SIMULATOR 

FINAL TESTS ON THE STABILIZATION SYSTEM OF THE 

Static Test MISSILE WERE RUN ON THE SIMULATOR WITH ARTIFICIAL 

LOADS IMPOSED BY METERING VALVES IN THE HYDRAULIC SYSTEM LINES, 

SERVO CYLINDER RESPONSE RATES WERE THEN COMPARED WITH RESULTS 

OF SEPARATE TESTS RUN ON A SPECIAL INERTIA AND SPRING LOAD TEST 

SET-uP, DYNAMIC LOAD TESTS AND SIMULATOR TESTS WERE USED TO 

ESTABLISH SYSTEM CONSTANTS AND TRANSFER FUNCTIONS OF THE COM- 

PONENTS INSTALLED IN THE MISSILE, FIGURE 22 sHOWS THE LOAD 

TEST ARRANGEMENT USED TO SIMULATE ACTUAL LOADS ON THE FOUR JET 

ACTUATING CYLINDERS OF THE MISSILE. INERTIA LOADS, W, ARE 

EQUIVALENT TO ΤΗΕ JET INERTIAS, WITH THE SPRING LOADS ON THE 

YAW CONTROLS EQUIVALENT TO AERODYNAMIC TRIM ТАВ LOADSe THE 

BLOCK DIAGRAM SHOWN IN FIGURE 25 IS A DETAIL BREAKDOWN OF ONE 

CHANNEL OF THE SYSTEM, 

STABILIZATION SYSTEM CONSTANTS ARE GIVEN IN ΤΗΕ FOL= 

LOWING TABLE WITH REFERENCE TO FIGURES 22 AND 25, 

MX-774 STABILIZATION SYSTEM CONSTANTS ROLL PITCH YAW 

Ка == VOLTS/DEGREE, FREE GYRO 0:13 0.13. 0,13 

Ко τσ VOLTS/DEGREE/SECOND, RATE GYRO 0.07 0.10 - 39:10 

== VOLTS/DEGREE JET MOVEMENT, (POSITION FEEDBACK) 0.07 0.04 0.04 

Κ, —— VOLTS/DEGREE-SECOND, FREE GYRO 0.35 0,309-” 10250 

K* — MILLIAMPS/VOLT, AMPLIFIER 400 400 400 

MAXIMUM AMPLIFIER OUTPUT, MILLIAMPS 60 60 60 

С -- DEGREE/SECOND JET VELOCI TY/MILLI АМР 1.4 122 252 

MAXIMUM JET ANGULAR VELOCITY, DEGREES/SECOND 29 50 50 

MAXIMUM JET MOVEMENT PER FUNCTION, DEGREES 5 5 5 

(PITCH AND ROLL OR YAW AND ROLL MAY ADD) 

TORQUE ON MISSILE/DEGREE JET, TAKE OFF COND, 2 LB 80 815 815 

MOMENT OF INERTIA OF MISSILE, MAXIMUM, SLUG-F 100 3900 3900 

ADDITIONAL TESTS HAVE BEEN RUN ОМ ROLL SYSTEM STABIL- 

IZATION, IN WHICH THE RATIO BETWEEN FREE GYRO AND RATE GYRO 

OUTPUTS WAS CHANGED. FoR THE FREE GYRO "K|", AS SHOWN IN ΤΗΕ 

ABOVE TABLE, WAS CHANGED FROM 0.13 TO 0.07 voLTS PER DEGREE, 

AND FOR THE RATE GYRO "Ко" WAS CHANGED FROM 0.07 το 0.04 voLTs 

PER DEGREE PER SECOND RATE. THESE CHANGES RESULTED IN THE SYS- 

TEM BEING CRITICALLY DAMPED IN ROLL UNDER TAKE-OFF CONDITIONS.» 

FIGURE 24 SHOWS RESPONSE OF THE ROLL SYSTEM ON THE SIMULATOR 

AFTER INTRODUCTION OF А STEP FUNCTION ERROR SIGNALe 
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| DYNAMIC TESTS WERE RUN WITH THE STABILIZATION SYSTEM 
CONTROLLED THROUGH THE SPECIAL TEST PANEL SHOWN IN FIGURE 25% 
FIGURE 26 SHOWS THE RESULTS IN PHASE LAG AND DECREASE IN AMPLI= 
TUDE OF SERVO CYLINDER TRAVEL WITH INCREASE IN FREQUENCY. THIS 
TEST WAS RUN WITH THE SYSTEM ON THE LOAD TEST ARRANGEMENT.DIA= 

1 GRAMMED IN FIGURE 22, TESTS WERE ALSO RUN WITH THE TEST PANEL 
1 CONNECTED TO ΤΗΕ SYSTEM WITHIN ΤΗΕ MISSILE DURING BOTH HOT AND 
j COLD GROUND RUNS. 

C. TEST EQUIPMENT 

ALL SPECIAL TEST EQUIPMENT REQUIRED FOR GROUND TESTS AND 
FOR MISSILE FIRING HAS BEEN COMPLETED, READY FOR USE, AND IN- 
CLUDES THE FOLLOWING ITEMS: 

STABILIZATION SYSTEM TEST CONTROL PANEL 
ALCOHOL PRESSURE SUPPLY UNIT | 
STABILIZATION AMPLIFIER TEST UNIT | 
INTEGRAL CONTROL AMPLIFIER TEST UNIT 
SOLENOID VALVE POWER UNIT (FOR TEST AND ADJUSTMENT) UAU го — — w — ч 

“FIGURE 27 SHOWS THE PORTABLE ALCOHOL PRESSURE SUPPLY UNIT 
| DESIGNED FOR USE IN GROUND TESTS ON THE STABILIZATION SYSTEM 

WHEN THE MISSILE FUEL PUMPS ARE МОТ OPERATINGe THE ACCUMULA= 
) TOR IS PRESSURIZED WITH NITROGEN το 400 POUNDS PER SQUARE INCH 
| AFTER BEING HALF-FILLED WITH ALCOHOL. AN AUTOMATIC PRESSURE 

SWITCH CONNECTED TO THE PUMP MOTOR MAINTAINS PRESSURE DURING 
TEST RUNS.» 

STEP FUNCTION AND DYNAMIC TESTS WERE RUN ON THE STABIL= 
IZATION SYSTEM WITH THE SPECIAL TEST PANEL ARRANGEMENT. RE- 
SULTS WERE RECORDED, SO THAT SYSTEM PERFORMANCE COULD BE ΑΝΑ- 
LYZED WITH FIGURE 24 AS A TYPICAL EXAMPLE OF THE RESULTS.» 
DUPLICATE TESTS WERE RUN, RECORDING FIRST WITH THE BRUSH βε- 
CORDER AND THEN BY TELEMETERING AND A CONSOLIDATED VULTEE RE= 
CORDER, IN ORDER TO ELIMINATE MINOR OPERATIONAL DEFECTS IN 
THE SYSTEM. 

PRACTICE RUNS WERE MADE WITH THE FLIGHT PROGRAM DRIVE 
UNIT IN CONTROL. IN ACTUAL GROUND TESTS, HOWEVER, THIS UNIT 
WAS DISCONNECTED AND THE TEST PROGRAM TIMER IN THE TEST PANEL 
WAS USED. RESULTS OF PRACTICE RUNS AND THE FIRING TEST SHOW 
SATISFACTORY OPERATION OF THE AUTOMATIC TEST CONTROL UNITe 
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FIG 25 -- MX-774 STABILIZATION SYSTEM TEST PANEL 
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FIG 27 -- ALCOHOL PRESSURE SUPPLY CART 
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SECTION VII 
GUIDANCE AND INTELLIGENCE 

A. VHF POSITION TRACKER 

A FOURTH GROUND STATION RECEIVER HAS BEEN CONSTRUCTED AND TESTED WHICH, WITH THE THREE RECEIVERS PREVIOUSLY CON= STRUCTED, PROVIDES FOUR GROUND STATION POSITION TRACKING RE- CEPTION CHANNELS FOR THE FIRST MISSILE APPLICATION. Two oF THESE RECEIVERS ARE TO BE USED IN AZIMUTHAL POSITIONING OF THE MISSILE WITH THE REMAINING TWO TO BE STANDBYS. ACCURA= CIES AS HIGH AS ONE TO TWO DEGREES OVER THE ENTIRE INPUT RANGE OF 70 DB AND A FREQUENCY RANGE OF 400 Kc ARE NOW BEING ACHIEVED ON ALL FOUR RECEIVER CHANNELS. VIEWS OF A COMPLETED RECEIVER ARE SHOWN IN FIGURE 28, 

THE PHASE COMPARER, DESIGNED TO MEASURE THE PHASE ΡΙΕ- FERENCE BETWEEN SIGNALS OF THE TWO AZIMUTH CHANNELS AND το FURNISH THE INFORMATION IN SUITABLE FORM FOR THE COMPUTER, HAS UNDERGONE FINAL CALIBRATION AND OPERATIONAL TESTS, CON= SIDERABLE ALIGNMENT AND ADJUSTMENT OF GEAR TRAINS WAS NECES= SARY TO PROVIDE COMPLETELY SATISFACTORY PERFORMANCE. THE FINISHED UNIT IS SHOWN IN FIGURE 29, A PHASE=CALIBRATOR HAS BEEN CONSTRUCTED TO AID IN CALIBRATION OF THE PHASE COMPARER, 

WORK HAS BEEN COMPLETED ON DEVELOPMENT AND CONSTRUCTION OF A MANUALLY OPERATED COMPUTER FOR USE IN FLIGHT TESTS OF THE SYSTEM WITH ΤΗΕ 0-46 AIRPLANE. CONSTRUCTION OF AN Αυτο- MATIC COMPUTER FOR USE WITH ΤΗΕ MISSILE HAS ALSO BEEN СОМ- PLETED. IT IS PLANNED THAT ANY DEVIATION FROM THE PRE- COMPUTED COURSE BE DETECTED BY THE POSITION TRACKING CIRCUITS AND AN AUTOMATIC CORRECTION BE APPLIED BY THE COMPUTER THROUGH THE COMMAND CONTROL SYSTEM, 

ADDITIONAL OPERATIONAL TESTS HAVE BEEN CONDUCTED ON THE No. 2 AND No, 3 PRESSURIZED VHF TRANSMITTERS. THESE UNITS EMPLOY AN INTEGRAL DYNAMOTOR AS POWER SUPPLY AND PROVIDE A POWER OUTPUT OF 50 WATTS C=W AT A FREQUENCY ОЕ 150 MEGA- 
CYCLES. VIEWS OF ONE OF THE TRANSMITTERS IN A TEMPORARY MOUNT OUTSIDE ITS PRESSURIZED CONTAINER (AS USED IN FIELD TESTING) ARE SHOWN IN FIGURE 30, 
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FIG 30 -- FINAL AMPLIFIER AND OSCILLATOR DECKS OF 
POSITION TRACKER TRANSMITTER 
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ΤΗΕ POSITION TRACKER GROUND STATION EQUIPMENT, CONSIST- ING OF AN AZIMUTH PHASE COMPARER, FOUR RECEIVERS (TWO BEING SPARES), A LOCAL OSCILLATOR UNIT, AND AN AUXILIARY POWER SUP- PLY, HAS BEEN MOUNTED IN A CABINET HAVING AN EXTERNAL Μονι- TORING JUNCTION BOX AS SHOWN IN FIGURE 51. 

ΤΗΕ FIRST FIELD TEST OF THE CONSOLIDATED VULTEE PHASE COMPARISON TRACKING METHOD HAS BEEN CONDUCTED WITH GRATIFYING RESULTS. МО SERIOUS OPERATIONAL DIFFICULTIES WERE ENCOUNTERED WITH THE SYSTEM, IN ORDER To CONDUCT THE TEST, TWO YAGI=TYPE 

TRACKER EQUIPMENT LOCATED EXACTLY HALFWAY BETWEEN. ONE ОЕ THE TRANSMITTERS CONSTRUCTED FOR USE IN ΤΗΕ MX-774 MISSILE WAS SET UP WITH A DUMMY LEAD ОМ A HAND=DRAWN CART PLACED AT A LOCATION 300 FEET FROM A POINT MIDWAY BETWEEN AND Е001- DISTANT FROM THE Two ANTENNAS, AS SHOWN IN FIGURE 32, MOTION OF THE CART WAS INDICATED ON THE DIAL oF THE AZIMUTH PHASE COMPARER. EQUIPMENT READINGS OBTAINED DURING THIS FIRST ROUGH TEST WERE REPEATED WITHIN THE ACCURACY OF PLACEMENT OF THE TRANSMITTER CART. REFLECTIONS FROM CARS AND PERSONS SEEMED TO AFFECT THE PHASE READINGS WHEN THEY WERE WITHIN ABOUT 100 FEET OF EITHER OF THE ANTENNAS OR BETWEEN THE TRANS- MITTER CART AND ONE OF THE RECEIVING ANTENNAS, 

A SIMILAR SET-UP WAS MADE WITH THE TRANSMITTER AT A POINT ‚240 FEET FROM THE ANTENNA BASELINE. RESULTS OF THIS TEST DIS- 
DISTANCE OF 240 FEET FROM THE ANTENNA BASELINE PROVIDED ABOUT 5 DEGREES MOTION IN THE DIAL OF THE PHASE COMPARER, AND THAT |/A-1NCH MOVEMENT ОҒ THE CART AT 240 FEET WAS EASILY DETECTABLE, 

A FLIGHT TEST OF THE POSITION TRACKER EQUIPMENT WAS PER- FORMED DURING THE SUBJECT REPORT PERIOD. A SMALL PLANE, οον- TAINING A 150 MEGACYCLE TRANSMITTER, WAS FLOWN ON A SEAWARD ROUTE FROM A TRACKING SITE ON POINT Loma. FLYING ON A GIVEN COMPASS HEADING, IT WAS TRACKED OPTICALLY WITH A THEODOLITE AND WITH THE POSITION TRACKING EQUIPMENT. THE RESULTS SHOWED THE DEVIATION OF THE ELECTRICALLY MEASURED COURSE FROM THE SAME COURSE AS MEASURED BY OPTICS TO BE LESS THAN 0.3 DEGREES WHICH WAS WITHIN THE OPTICAL SYSTEM TRACKING ERRORS. More EXTENSIVE FLIGHT TESTS ARE PLANNED FOR THE SYSTEM USING A 0-46 AIRPLANE το SIMULATE THE MISSILE, 
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FIG 31 -- POSITION TRACKER EQU I PMENT 
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B. ANTENNA DESIGN AND CONSTRUCTION 

TESTS HAVE BEEN CONDUCTED TO DETERMINE THE TYPE, AND LO- 

CATION ON THE MISSILE, OF A SUITABLE AIRBORNE TRANSMITTING 

ANTENNA TO BE USED WITH THE PHASE COMPARISON POSITION TRACKING 

SYSTEM, THE RESULTS OF THESE TESTS HAVE BEEN ISSUED ІМ КЕҒЕВ- 

ENCE 6 AND ARE SUMMARIZED BELOW. 

THE FIRST EFFORT AT DESIGN OF A FLUSH MOUNTING TYPE OF 

MISSILE ANTENNA RESULTED IN CONSTRUCTION OF A FLUSH TYPE 

EIGHTH-WAVE RADIATOR UTILIZING A SLOT OPENING FAIR RADIATING 

EFFICIENCY WAS ACHIEVED BUT THE INPUT IMPEDANCE WAS FOUND ТО 

BE EXTREMELY HIGH AND RADIATION WAS ALMOST ENTIRELY IN A FOR@= 

WARD DIRECTION. SINCE THIS WAS DIRECTLY OPPOSED TO REQUIRE= 

MENTS STIPULATED FOR THE ANTENNA, THE DESIGN WAS ABANDONEDe 

AN EXTERNAL ТҮРЕ OF ANTENNA, FIGURE 33, MOUNTED WITHIN AN 

EXPOSED PORTION OF DUMMY FAIRING SITUATED UPON AND PARALLEL TO 

A VERTICAL FIN ON THE TEST VEHICLE WAS FOUND MORE SATISFACTORY 

FOR THE PURPOSE INTENDED. RADIATION WAS PREDOMINATELY IN A 

REARWARD DIRECTION FROM THE TEST VEHICLE WITH NO SHARP DEVIA- 

TIONS OF THE PATTERN BEING OBSERVED IN THE FIELD STRENGTH ΜΑ” 

DIATED IN THAT DIRECTION. THE INPUT IMPEDANCE OF THE ANTENNA 

WAS FOUND το ВЕ 200-0ΗΜΘ AND WAS SATISFACTORILY COUPLED TO А 

52-OHM COAXIAL CABLE BY MEANS OF A SMALL LUMPED-CIRCUIT MATCH= 

ING NETWORK, 
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AERODYNAMICALLY, THE DUMMY FAIRING AND ITS ASSOCIATED 
TEXTOLITE ROD WHICH SUPPORTS THE WIRE ANTENNA HAVE BEEN FOUND 
TO PRODUCE A MINIMUM OF DRAG. SPECIFICATIONS OF THE TEXTOLITE 
ROD EMPLOYED WITH THE ANTENNA ARE SUCH AS TO INSURE ITS ENDUR- 
ING THE RANGE OF TEMPERATURES EXPECTED TO BE ENCOUNTERED. 

C. DOPPLER SPEEDOMETER EXPERIMENTS AND DESIGN 

WORK ON THIS PROGRAM CONSISTED OF REDESIGN OF THE OSCIL- 
LATOR SECTION OF THE GROUND STATION TRANSMITTER AND COMPLETION 
OF CONSTRUCTION AND TESTS OF THE SECOND PRODUCTION TYPE SUPER- 
HETERODYNE REPEATER STATION, 

CONSTRUCTION OF THE FREQUENCY DEMODULATOR UNIT WAS DIS- 
CONTINUED DURING THE PERIOD IN FAVOR OF A CHANGE IN THE OSCIL= 
LATOR SECTION OF THE GROUND STATION TRANSMITTER. А NEW OSCIL= LATOR UNIT FOR THE GROUND STATION TRANSMITTER HAS BEEN Όε- 
SIGNED IN WHICH TWO CRYSTAL CONTROLLED FREQUENCIES ARE GENERA= 
TED; ΟΝΕ IS PHASE MODULATED (TO PROVIDE RANGE INTELLIGENCE) 
WHEREAS THE OTHER 18 NOT MODUALTED AND PROVIDES THE DOPPLER | VELOCITY INTELLIGENCE» USE OF THIS SYSTEM REQUIRES NO MODIFI= 
CATION OF ANY OF THE PRESENT EXISTING DOPPLER EQUIPMENT AND 
APPEARS TO OFFER THE MOST SATISFACTORY SOLUTION TO THE PROBLEM 
OF REDUCING THE EFFECTS OF FREQUENCY MODULATION ON THE DỌPPLER 
SPEEDOMETER READINGS, : 

COMPLETED DURING THE SUBJECT REPORT PERIOD, THE SECOND 
PRODUCTION TYPE SUPERHETERODYNE REPEATER STATION HAS BEEN 
GIVEN FINAL TESTS TO DETERMINE ITS OPERATIONAL CHARACTERISTICS, 
THE TESTS DISCLOSED THAT AN INPUT OF 10 MICROVOLTS TO THE RE= 
PEATER STATION PRODUCES AN OUTPUT OF 10 WATTS AT THE SECOND 
HARMONIC OF ΤΗΕ 72=MEGACYCLE INPUT SIGNAL, 

0. RANGE MEASUREMENT SYSTEM 

ALL OF THE MEASUREMENT UNITS OF THE RANGE MEASUREMENT 
SYSTEM HAVE BEEN COMPLETED AND ARE IN THE PROCESS OF CLEAN= 
UP AND TESTING. THIS GROUND STATION EQUIPMENT, WITH EXCEP= 

- TION OF THE UNITS WHICH ARE ΑΝ INTEGRAL PART OF THE DOPPLER 
SPEEDOMETER SYSTEM, HAS BEEN ASSEMBLED IN A CABINET AS SHOWN 
IN FIGURE 54. To FACILITATE OPERATION AND TESTING OF THE 
RANGE MEASUREMENT SYSTEM, A MONITORING CATHODE RAY OSCILLO= 
SCOPE HAS BEEN BUILT INTO THE RELAY RACK AS AN INTEGRAL PART 
OF THE EQUIPMENT. , 
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FIG 24 -- RANGE MEASUREMENT EQUIPMENT 

58 



ee 752 -. 

А PHASE ROTATING SIMULATOR UNIT, FIGURE 35, HAS BEEN СОМ- STRUCTED FOR TESTING THE RANGE MEASURING EQUIPMENT BEFORE АС- TUAL USE IN MISSILE RANGE MEASUREMENT. THIS SIMULATOR INCOR- PORATES A GEAR TRAIN DRIVEN, BY A VARIABLE SPEED MOTOR, FROM ZERO FO EQUIVALENT SPEEDS WELL ABOVE THE HIGHEST SPEED ОЕ THE MISSILE. CONNECTED TO EACH OF 3 SEPARATE GEARS IN THE GEAR TRAIN IS А PHASE ROTATING TRANSFORMER. THE GEARS ARE SO ΡῃΟ- PORTIONED IN THE TRAIN AS TO ALLOW 3 OPERATING FREQUENCIES TO ROTATE IN PHASE AT A RATIO OF | To 25 το 125. THE OPERATING FREQUENCIES, ORIGINATED IN A CRYSTAL CONTROLLED GENERATOR UNIT, Figure 36, ARE ОЕ 800 cyctes, 20,000 CYCLES AND 10,000 CYCLES» THIS LAST 18 DERIVED FROM THE 20,000 CYCLE SIGNAL BY HETERO= DYNE AND FREQUENCY MULTIPLICATION ACTION, 

A SWITCH IS PROVIDED ON THE SIMULATOR TO ALLOW EITHER OF ̀ TWO METHODS OF ОРЕВАТІ ОМ. THE FIRST, IN WHICH ONLY THE 800 CYCLE AND THE 20,000 CYCLE SIGNALS ARE ROTATED IN PHASE BY THE SIMULATOR, IS AN EXACT SIMULATION OF THE OPERATION OF THE RANGE MEASUREMENT SYSTEM WHEN ACTUALLY EMPLOYED IN MEASURING DISTANCE. HOWEVER, DUE TO THE LAGK OF ABSOLUTE LINEARITY OF THE PHASE ROTATING TRANSFORMERS, THIS METHOD OF OPERATION RE- SULTS ІМ AN IRREGULAR FOLLOW-UP ACTION OF THE RANGE INDICA= TOR. THE SECOND METHOD OF OPERATION INVOLVES USE OF THE 10,000 CYCLE PHASE ROTATING TRANSFORMER. THE 10,000 cYcLE SIGNAL, PREVIOUSLY DERIVED FROM THE 20,000 CYCLE SIGNAL AFTER PASSING THROUGH ITS PHASE ROTATING TRANSFORMER, IS BY=PASSED, IN ITS PLACE A 10,000 CYCLE SIGNAL FROM THE SIGNAL GENERATOR 18 DIREC= TED THROUGH THE PHASE ROTATING TRANSFORMER IN THE SIMULATOR AND ` APPLIED TO А SERVO=CONTROLLED PHASE DISCRIMINATOR IN THE RANGE INDICATOR УМІТ. THIS ACTION GIVES AN IMPROVEMENT IN LINEARITY OF FOLLOW-UP AND PERMITS GREATER PRECISION IN TESTING. 

ANOTHER SWITCH IN THE SIMULATOR CIRCUIT INTERRUPTS THE GEAR-DRIVEN SIGNALS TO THE RANGE MEASUREMENT EQUIPMENT AND 15 EQUIVALENT TO MOMENTARILY LOSING THE SIGNAL FROM THE MISSILE. THIS SWITCH THEREFORE ALLOWS TESTING OF THE OVER=RIDE SYSTEM TO ENSURE ITS CAPACITY TO "CATCH-UP"™ WHEN THE SIGNAL 15 RE= STORED AFTER AN INTERRUPTION. BECAUSE OF FRICTION IN THE СОМ- PUTING GEAR TRAIN, INERTIA IN THE ROTOR DRIVING THE GEAR TRAIN, AND ELECTRICAL INERTIA IN THE SYSTEM DUE ТО TIME CONSTANTS, THE COMPUTING GEAR TRAIN CAN NEVER ROTATE IN PERFECT SYNCHRON= ISM WITH THE APPLIED SIGNALS BUT MAY BE MADE ТО RUN MORE SMOOTH= LY BY APPLICATION ОҒ A БАТЕ-ОҒ-СНАМСЕ ERROR SIGNAL TO ΤΗΕ ΑΡ- PROPRIATE PORTION OF THE ELECTRICAL OR MECHANICAL CIRCUIT. 
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FIG 35 -- RANGE SIMULATOR FOR PRE-OPERATION TESTS 
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FIG 36 -- RANGE MEASUREMENT FREQUENCY GENERATOR 
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FIG 37 -- FREQUENCY MODULATION TYPE RANGE SYSTEM RECEIVER 
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A DERIVATIVE CIRCUIT WAS ADDED TO THE SERVO LOOP το 
STABILIZE OVERALL OPERATION OF THE SYSTEM. LAG AND HUNT BE= 
TWEEN THE RANGE INDICATOR AND THE "POSITION"? OF THE SIMULATOR 
HAVE BEEN REDUCED FROM 500 FEET TO 25 ΕΕΕΤο 

THE FREQUENCY MODULATION TYPE RECEIVER, EMPLOYED AT THE 
GROUND STATION TO RECEIVE AND DEMODULATE THE RETURNED SIGNAL 
RECEIVED FROM THE AIRBORNE REPEATER STATION, HAS BEEN СОМ- 
PLETEDe VIEWS OF THIS UNIT ARE SHOWN IN FIGURE 37. 

THE TUNED RADIO FREQUENCY REPEATER FOR USE WITH THE 9Υ8- 
TEM HAS BEEN COMPLETED AND 18 IN FINAL STAGES OF ADJUSTMENT 
AND ALIGNMENT. WITH A SENSITIVITY OF 10 MICROVOLTS, ITS 
FUNCTIONING HAS PROVEN VERY SATISFACTORY DURING OPERATIONAL 
TESTS IN THE LABORATORY. THIS UNIT IS SHOWN IN FIGURE 38. 

FIG 38 -- DOPPLER AIRBORNE REPEATER 

THE REMAINDER OF THE BASIC EQUIPMENT, INCLUDED IN THE 
GROUND STATION AND COMPLETED DURING THE PREVIOUS WORK PERIOD, 
»}AS UNDERGONE OPERATIONAL TESTS AND FINAL CLEAN=UP. THESE 
UNITS, THE PHASE SHIFT DISCRIMINATOR UNIT AND THE MOTOR CON= 
TROL UNIT, ARE SHOWN IN THEIR FINAL FORM IN FIGURE 39 AND 
40, RESPECTIVELY. 

A NEW MODULATOR IS UNDER CONSTRUCTION FOR FREQUENCY 
MODULATING THE GROUND STATION TRANSMITTER WITH THE COMPLEX 
wave (800 cps AND 20,000 cps) WHICH IS USED TO SUPPLY THE TWO 
REFERENCE FREQUENCIES FOR PHASE MEASUREMENT OF RANGE. CON@= 
STRUCTION OF THIS MODULATOR IS APPROXIMATELY 80 PERCENT. 

COMPLETE. 
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FIG 39 -- RANGE PHASE SHIFT AND DISCRIMINATOR UNIT 
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FIG 40 -- MOTOR CONTROL UNIT OF RANGE SYSTEM 
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Es COMMAND CONTROL SYSTEM 

THE COMMAND CONTROL DRIVE UNIT FOR USE WITH FLIGHT Міз- 

SILE Мо. | HAS BEEN COMPLETED AND GIVEN OPERATIONAL TESTS ІМ 

THE LABORATORYe AMPLIFIERS WHICH MOUNT ON THE STABILIZATION 

PANEL ASSEMBLY FOR USE IN THE COMMAND CONTROL SYSTEM HAVE BEEN 

CONSTRUCTED AND ARE UNDERGOING OPERATIONAL TESTSe 

AN ADDITIONAL COMMAND CONTROL DRIVE UNIT SIMILAR TO THE 

ONE CONSTRUCTED FOR ΤΗΕ Мо. | FLIGHT MISSILE HAS BEEN COMPLE- 

TED AND INSTALLED IN A 0-46 AIRPLANE FOR FLIGHT TESTING. IT 

1S INTENDED THAT A COMPLETE SYSTEM BE GIVEN OPERATIONAL TESTS 

IN FLIGHTS PRIOR TO SYSTEM INSTALLATION IN THE MISSILE. 

To PROVIDE FOR TESTING OF THE AIRBORNE FILTER AND SERVO 

CONTROL UNIT, A TEST MODEL SERVO RESPONSE UNIT HAS BEEN DE= 

SIGNED WHICH WILL FACILITATE FUTURE OPERATIONAL TESTS. THE 

ORIGINAL SERVO 'RESPONSE UNIT HAD ONLY 30 TOTAL DEGREES МОУЕ- 

MENT OF THE FOLLOW-UP PHASE-ROTATING-TRANSFORMERe SUBSEQUENT 

ALTERATIONS IN DESIGN OF THE TRANSFORMER ALLOW A GREATER 

PHASE ANGLE ROTATION, UP TO 180 DEGREES, FOR GENERATION OF 

COMMAND SIGNALS THEREBY REDUCING THE ERRORS DUE TO GRADUAL 

DRIFT RESULTING FROM THERMAL CHANGES, TUBE AGING AND OTHER 

CAUSES. 

CONSTRUCTION OF THE AIRBORNE FILTER AND SERVO CONTROL 

UNIT HAS BEEN COMPLETED. THE UNIT HAS BEEN TESTED IN CON= 

JUNCTION WITH THE SERVO RESPONSE SYSTEM AND PACKAGED FOR IN= 

STALLATION IN THE MISSILE.’ FURTHER OPERATIONAL TESTS ARE 

RLANNED TO DETERMINE THE RATE OF RESPONSE AND THE RESPONSE 

AMPLITUDE FOR VARIOUS ERROR FREQUENCIES. DATA OBTAINED FROM 

THESE TESTS THEN WILL BE USED IN THE OVERALL STABILITY СОМ“ 

SIDERATIONS FOR CONTROLLED FLIGHT OF THE MISSILEe i 

THREE PRODUCTION TYPE SUPERHETERODYNE RECEIVERS TO BE 

USED IN THE COMMAND CONTROL SYSTEMS ARE PRESENTLY UNDER CON= 

STRUCTION. ONE HAS BEEN COMPLETED WITH THE REMAINING TWO IN 

THE EARLY STAGES OF ASSEMBLY. 

A POWER SUPPLY FOR THE RECEIVER FOR THE SINGLE=CHANNEL 

AIRBORNE SYSTEM HAS BEEN COMPLETED WITH WORK PROCEEDING ON 

DESIGN AND CONSTRUCTION OF A BIAS POWER SUPPLYe THIS BIAS 

POWER SUPPLY IS BEING USED AS A MEANS OF REDUCING THE OVER= 

ALL POWER DRAIN BY THE ΒΕΟΕΙΝΕΒΟο PREVIOUSLY, BIAS POWER HAD 

BEEN OBTAINED BY BLEEDER METHODS WHICH RESULTED IN HEAT LOSSES 

AND UNNECESSARY POWER CONSUMPTIONe 
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SECTION VIII 
TELEMETERING 

A. TELEMETERING FOR THE TEST VEHICLE 

THE TELEMETERING GROUND STATION INSTALLATION, WHICH HAS BEEN INSTALLED IN A TRUCK, CONSISTS OF THE FOLLOWING COMPON= ENTS: 2 RBF RECEIVERS; 2 DISCRIMINATOR UNITS, 3 RECORDING OSCILLOGRAPHS, A HIGH VOLTAGE POWER SUPPLY DESIGNED FOR THE OSCILLOGRAPHS, А |2-νοιτ BATTERY FOR THE OSCILLOGRAPHS AND A І2-уоһт MG SET, 3 RAX RECEIVERS AND POWER SUPPLY, A DUMONT Мо. 241 OSCILLOSCOPE, А HEWLETT-PACKARD VTVM, AND OTHER ALLIED TEST EQUIPMENT, 

А CATHODE-RAY TUBE COMPARATOR, FIGURE 41, WAS ADDED το THE DISCRIMINATOR UNIT FOR CHECKING THE PRECISION OSCILLATOR AGAINST A TUNING FORK STANDARD AND FOR CHECKING FREQUENCY ОЕ THE SUB=CARRIER OSCILLATORS, 

FIG Д1 -- CATHODE-RAY FREQUENCY COMPARATOR 

67 



a SECRET 
SAN DIEGO DIVISION 

Tue RBF RECEIVERS 00 NOT REQUIRE THE REMOTE TUNING EQUIP= 

MENT WHICH NORMALLY 18 HOUSED INTEGRALLY WITH THE RECEIVERSe 

WHEN THE RECEIVER UNITS ARE REMOVED FROM THE CHASSIS PROVIDED 

BY THE MANUFACTURER, NEW HOUSING MUST BE PROVIDED AND CONTROLS 

RELOCATED. SPECIAL CABINETS HAVE BEEN CONSTRUCTED FOR USE 

WHEN THESE RECEIVERS, WITHOUT REMOTE TUNING, ARE USED IN THE 

TELEMETERING SYSTEMe 

A TELEMETERING 
TRANSMITTER-SEPA

RATION FILTER HAS BEEN 

CONSTRUCTED AS A SPARE TO SUPPLEMENT THE ONE CURRENTLY IN USE 

WITH THE TELEMETERING SYSTEM. 

THe DUAL COMMUTATOR BUILT FOR THE Ειιαητ Test MISSILE 

WILL PERMIT TELEMETERING THIRTY-TWO CHANNELS OF INTELLIGENCE 

OR IDENTIFICATION, INSTEAD OF TWENTY-TWO AS WILL BE DONE WITH 

τηε $ТАТ1С TEST MISSILE» IN CONJUNCTION WITH TEN CONTINUOUS 

CHANNELS, THIS DUAL UNIT WILL COMMUTATE TWO ADDITIONAL СНАМ- 

NELS TO PROVIDE ELEVEN SUB<CHANNELS ΕΛΟΗο Two ОЕ THE TWENTY= 

TWO SUB-CHANNELS ARE TO BE USED FOR IDENTIFICATION PURPOSES 

ONLY. THE COMMUTATOR IS SHOWN IN FIGURE 42» 

PRODUCTION OF SUB=<CARRIER OSCILLATORS 18 PROCEEDING ЕХ- 

TREMELY WELL, 25 UNITS HAVE BEEN COMPLETED IN ADDITION TO THE 

18 PREVIOUSLY COMPLETED FOR THE STATIC TEST MISSILEe> PRINCI“ 

PLE ADVANTAGE OF THE PRODUCTION ТҮРЕ SUB-CARRIER OSCILLATORS 

LIES IN THE FACT THAT PRELIMINARY CHECKS AND CALIBRATION CAN 

BE MADE IN A FEW HOURS, WHEREAS THE EARLIER EXPERIMENTAL TYPE 

OSCILLATORS FREQUENTLY REQUIRED FROM SEVERAL DAYS TO A WEEK 

TO ACCOMPLISH THE SAME OPERATIONS» 

THE TELEMETERING INSTALLATION AT THE STATIC TEST SITE 

WAS MADE WITH THE RECEIVING ANTENNAS ERECTED AT А POINT АР- 

PROXIMATELY 400 FEET SOUTH OF THE TEST TOWERe THE OPERATING 

STATION IN THE TRUCK, LINKED TO THE ANTENNAS BY COAXIAL CABLES, 

WAS PLACED AT A PROTECTED LOCATION ADJACENT TO THE ANTENNAS» 

Views OF THE INSTALLATION ARE SHOWN IN FIGURE 45. AN INTER- 

COMMUNICATION SYSTEM AFFORDED LIAISON WITH THE FIRING PERSONNEL 

AT THE BLOCKHOUSEe А PHOTOGRAPHIC DARK ROOM WAS PROVIDED ON 

THE TEST SITE TO PERMIT RAPID DEVELOPMENT OF OSCILLOGRAPHIC 

RECORDS FOR 0М-ТНЕ-5РОТ ANALYSIS OF MISSILE FUNCTIONSe 

PRIOR TO FIRING OF THE MISSILE FOR THE “HOT RUN", А ТЕ- 

LEMETERING CHECK WAS MADE AND THE COMPLETE TELEMETERING IN- 

STALLATION WAS FUNCTIONING PROPERLY. HOWEVER, BECAUSE OF 

DAMAGE TO PICKUPS AND WIRING DURING FIRING, THE DATA, OBTAINED 

ARE OF LITTLE VALUE IN ANALYZING THE EXPLOSIONe 
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FIG 42 -- MOTOR DRIVEN DUAL COMMUTATOR 

В. CAMERA LOCATOR BEACON 

WORK ON THIS PROGRAM HAS BEEN SUSPENDED BECAUSE OF OTHER 
LABORATORY WORK OF A HIGHER PRIORITY. HOWEVER, DEVELOPMENT OF 
THIS UNIT HAS REACHED PRACTICAL COMPLETION WITH THE REMAINING 
WORK INVOLVING ONLY FINAL OPERATIONAL AND FIELD TESTS. 
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FIG 43 -- TELEMETERING TRUCK AND ANTENNA PLACEMENT 
AT POINT LOMA 
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C. TRACKING RADAR ВЕГАҮ BEACON 

DUE TO ASSIGNMENT OF ADDITIONAL FUNCTIONS TO THE RADAR BEACON, DESIGN OF THE SYSTEM CURRENTLY IS UNDERGOING REVISION 
TO ACCOMMODATE THE NEW REQUIREMENTS; VIZ: (1) AN INTERNAL 
POWER SUPPLY OPERATING FROM A ᾖ00-ογοιε, [15-νοιτ А-с SOURCE, (2) А DETONATION TRIGGER FOR THE MISSILE DESTRUCTION CHARGE IN CASE THE DOPPLER TRIGGER FAILS TO FUNCTION PROPERLY, AND (3) INPUT FILTERS FOR THE ELIMINATION OF UNDESIRED 5- AND X= BAND SIGNALS. 

ADDITION OF THE INTERNAL POWER SUPPLY, DETONATION TRIG= 
GER, AND ADDITIONAL FILTERS WILL NECESSITATE CONSIDERABLE RE= 
ARRANGEMENT OF THE PRESENT COMPONENT POSITIONS IN ORDER TO 
ACCOMMODATE THE REVISED SYSTEM WITHIN THE MISSILE.’ А BREAD= 
BOARD LAYOUT OF THIS REVISION HAS BEEN COMPLETED. A BREAD= 
BOARD DESIGN OF THE INTERNAL POWER SUPPLY HAS BEEN COMPLETED 
WITH FURTHER DEVELOPMENT AWAITING CONSTRUCTION OF THE SPECIAL 
POWER TRANSFORMER AND CHOKE. 

To ELIMINATE THE UNWANTED S= AND X=BAND SIGNALS IT WAS 
FOUND NECESSARY TO USE TWO INPUT FILTERS. INITIALLY, А MODI-= FICATION OF THE CAVITY FILTER SUPPLIED WITH THE АРМ/19 εφυιρ- 
MENT WAS TESTED BUT IT PROVIDED INSUFFICIENT REJECTION OF χ- 
BAND SIGNALS. A RESONANT CAVITY TUNED TO THE DESIRED FRE QUEN= 
СҮ AND А LOW PASS "CONSTANT К" COAXIAL FILTER WERE THEN ADOP- 
ТЕП. SEVERAL OF THESE UNITS HAVE BEEN CONSTRUCTED AND ΤΗΕ. 
FIRST OF THE UNITS INSTALLED IN ΤΗΕ STATIC TEST VEHICLE. 
TESTS OF THE UNITS SHOW THE RESONANT CAVITY PRESENTS 30 DB AT= 
TENUATION TO S=BAND SIGNALS AT 15 MC OR GREATER OFF RESONANCE, ANÚ THE LOW PASS FILTER ATTENUATES THE X=BAND SIGNALS GREATER THAN 75 DB. THE INSERTION LOSS OF EACH FILTER IS LESS THAN 0.1 рв. 

THE ORIGINALLY DESIGNED RADAR BEACON, CONSISTING OF A ВЕ- 
CEIVER AND A TRANSMITTER HOUSED IN A PRESSURIZED CONTAINER AND 
USING AN EXTERNAL POWER SUPPLY, HAS BEEN COMPLETED AND GIVEN 
EXTENSIVE ACCEPTANCE TESTS BEFORE INSTALLATION IN THE STATIC 
Test MISSILE TOGETHER WITH THE INPUT FILTERS. THE UNIT IS 
CURRENTLY UNDERGOING REVISION TO INCORPORATE THE DETONATING 
TRIGGER CIRCUIT AND INTERNAL POWER SUPPLY, 

COMPILATION AND EDITING OF AN INSTRUCTION BOOK TO BE USED 
IN CONJUNCTION WITH OPERATION AND MAINTENANCE OF THE RADAR 
BEACON HAS BEEN INAUGURATED, 
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FIG 44 -- STATIC FIRING TEST STAND AT POINT LOMA, SAN DIEGO 
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SECTION IX 
TEST OPERATIONS 

А. STATIC FIRING REPORT 

THIS REPORT PRESENTS A RECORD OF THE EVENTS THAT occuR- 
RED DURING THE FIRST FIRING OF THE MX=774 Static TEST VEHICLE AND THE RESULTS OBTAINED DURING THE FIRING OPERATIONS. THE 
STATIC TEST VEHICLE WAS INSTALLED IN THE СУАС STATIC TEST TOW= ER, FIGURE 44, LOCATED AT FORT ROSECRANS, ΡΟΙΝΤ LomMA, CALIFOR-= NIAo FIGURE 45 IS А PHOTOGRAPH OF THE AREA TAKEN EARLY IN THE TEST PREPARATIONS. THE FIRING TOOK PLACE ON 2| NOVEMBER 1947. 

THE PURPOSE OF THE TEST WAS TO CHECK POWER PLANT, MISSILE 
STABILIZATION, AND TELEMETERING SYSTEMS FOR OPERATIONAL CHAR= 
ACTERISTICS AND TO OBTAIN BASIC REFERENCE DATA, INCLUDING 
THRUST AND TEMPERATURE MEASUREMENTS, TO BE USED IN ANALYZING 
FLIGHT CHARACTERISTICS OF THE FREE=FLIGHT MISSILE. 

FIG 45 -- STATIC FIRING SITE AT POINT LOMA IN 
EARLY PREPARATION 
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B, CONF I GURAT ION 

THe Static Test VEHICLE WAS MOUNTED IN THE GIMBAL RINGS 
OF ΤΗΕ STATIC TEST TOWER, THE GIMBAL RINGS WERE UNLOCKED 
ALLOWING MOVEMENT OF THE MISSILE IN PITCH, YAW, AND ROLL DI= 
RECTIONS. MOVEMENT IN THE PITCH AND YAW DIRECTIONS WAS БЕ- 

STRICTED BY THRUST MEASURING DEVICE CABLES WHICH WERE ATTACHED 
BETWEEN THE SWIVEL HOIST FITTING ON THE NOSE OF THE MISSLE 
AND HYDRAULIC CYLINDERS LOCATED IN THE FOUR CORNERS OF THE 
TOWER. SNUBBERS WERE INSTALLED ON THE TOWER PLATFORM LIMIT= 
ING THE AMOUNT OF ROLL TO PLUS OR MINUS TEN DEGREES FROM A 

NEUTRAL POSITION. 

AN EMERGENCY ALCOHOL SHUT-OFF VALVE, REMOTELY CONTROLLED 

FROM THE BLOCKHOUSE WAS INSTALLED AT THE ALCOHOL TANK OUTLET 

FOR USE IN CASE OF FIRE. THE EXTERNAL PURGE SUPPLY OF NITRO= 

GEN WAS PIPED FROM THE NITROGEN CASCADE SYSTEM MOUNTED ON 

THE TOWER PLATFORM. AN ELECTRO=MAGNETIC VALVE WAS INSTALLED 

IN THE LINE AND CONTROLLED FROM THE BLOCKHOUSE. To MANUALLY 

REGULATE THE THRUST OF THE MOTORS FROM THE BLOCKHOUSE, A 

GROVE DOME PRESSURE REGULATOR WITH PRESSURE GAUGE WAS ΙΝΘΤΑΙ.- 

LED IN THE BLOCKHOUSE AND WAS PLUMBED TO THE SECOND PRESSURE 

REGULATOR IN THE HYDROGEN=PEROXIDE TANK PRESSURIZING LINE, 

THE LARGE ACCESS DOOR BETWEEN THE FINS OF THE MISSILE 

WAS LEFT OFF TO MAKE POSSIBLE VISUAL OBSERVATION AND PHOTO= 

GRAPHIC RECORDING OF THE POWER PLANT SECTION OF THE MISSILE 

DURING THE RUN, 

BLOCKHOUSE INSTRUMENTATION WITH PHOTO-RECORDING, MISSILE 
COVERAGE BY MOVIE CAMERAS LOCATED AT ADVANTAGEOUS LOCATIONS, 
TELEMETERING AND STABILIZATION EQUIPMENT, AND BROWN RECORDER 
FOR TEMPERATURE MEASUREMENTS WERE INSTALLED AND THOROUGHLY 
CHECKED FOR OPERATION PRIOR TO ACTUAL FIRING OPERATIONS. 
FIGURE 46 SHOWS THE INTERIOR OF ΤΗΕ BLOCKHOUSEs 

THE MISSILE WAS FUELED FOR FULL=TIME OPERATION, HOWEVER, 

THE MAXIMUM LIMIT OF RUN WAS ESTABLISHED АТ 35 SECONDS. ΟΧΥ- 
GEN WAS PUMPED FROM A TRUCK AS SHOWN IN FIGURE 47. 
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FIG 46 -- INTERIOR OF BLOCKHOUSE AT TEST SITE 

C. PRELIMINARY TESTING 

PRELIMINARY TO FIRING THE STATIC TEsT VEHICLE MANY CHECKS 
WERE MADE OF THE VARIOUS SYSTEMS OF THE MISSILE. RESULTS OF 
THESE TESTS ARE AS FOLLOWS: 

Із POWER PLANT SECONDARY NITROGEN SYSTEM ee ANI VECONDARY NITROGEN SYSTEM 

IN ORDER TO PRESSURE CHECK THE SECONDARY NITROGEN 
SYSTEM FOR LEAKS THE FIRST STAGE PRESSURE REGULATOR WAS SET AT 400 PSI, AND ΤΗΕ HYDROGEN=PEROXIDE LINE AT THE STEAM GENERA] 
TORS WAS DISCONNECTED AND CAPPED. THE SECOND STAGE PRESSURE 
REGULATOR DID NOT HAVE A FIXED SETTING BUT COULD BE CONTROLLED FROM THE BLOCKHOUSE BY MEANS OF ITS DOME PRESSURE. THIS Απ- 
RANGEMENT WAS INTENDED TO PERMIT THE HYDROGEN PEROXIDE TANK PRESSURE AND THEREFORE THE TURBO=PUMP SPEED AND ROCKET THRUST 
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FIG 47 -- OXYGEN FILLING OPERATION BEFORE FINAL 
CHECKOUT OF MISSILE 

ТО BE REGULATED BY THE OPERATOR IN THE BLOCKHOUSE. THE PEROXIDE 
TANK WAS FILLED WITH DISTILLED WATER TO MINIMIZE THE DANGER IN 
EVENT OF TANK RUPTURE. ΤΗΕ SECONDARY NITROGEN SYSTEM TANK WAS 
CHARGED To 1000 PSI WITH NITROGEN GAS. 

PROPER OPERATION OF THE Но0о PRESSURIZING AND VENT 
VALVE WAS CHECKED BY ENERGIZING THE FIRING CIRCUIT. Но02 TANK 
PRESSURE WAS CALIBRATED AGAINST THE DOME PRESSURE READ ON THE 
BLOCKHOUSE GAUGE. 

DURING THIS TEST THE HYDROGEN PEROXIDE TANK FAILED 

UNDER PRESSURE.» DUE TO LACK ОҒ A PRODUCTION TANK CAPABLE ОҒ 

WITHSTANDING THE REQUIRED PRESSURE, A SUBSTITUTE HYDROGEN= 

PEROXIDE TANK WAS MOUNTED ON THE OUTSIDE OF THE MISSILEe THIS 

CHANGE ALSO NECESSITATED INSTALLATION OF THE NITROGEN TANK ON 

THE OUTSIDE ΟΕ THE MISSILEe 
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ο PowER PLANT PROPELLANT SYSTEM 

THE OXYGEN AND ALCOHOL SYSTEMS WERE PRESSURE CHECKED 
FOR LEAKS AND VENT VALVES CHECKED FOR OPENING PRESSURES. THE 
OXYGEN TANK VENT VALVE OPENED AT 47 PSI AND THE ALCOHOL TANK 
VENT VALVE OPENED AT 45.5 PSI. THE ALCOHOL PRESSURE SWITCH 
WAS SEPARATELY CHECKED OUT AND SET TO OPERATE AT 26.75 PSI, 

AFTER ELIMINATING VARIOUS MINOR LEAKS THE PROPELLANT 
TANKS WERE CHECKED TO PRESSURIZE TO 32 PSI FROM THE MAIN NITRO= 
GEN TANK IN NORMAL OPERATIONAL SEQUENCE WHEN THE FIRING BUTTON 
WAS PRESSED. 

5% Ромев PLANT GENERAL 

DURING THE PERIOD FOLLOWING RUPTURING OF THE HYDRO= 
ΘΕΝ-ΡΕΠΟΧΙΌΕ TANK, THE MISSILE FIN SECTION WAS REMOVED FROM 
THE TANK SECTION. BOTH TANKS WERE THOROUGHLY FLUSHED WITH 
CARBON TETRACHLORIDE TO REMOVE ANY ACCUMULATION OF FOREIGN | 
MATTER, OILS, AND ALCOHOL. | 

ΤΗΕ HYDROGEN=PEROXIDE TANK AND LINES WERE PASSIVATED ] 
BY USING A CHROMIC ACID SOLUTION WHICH WAS POURED INTO THE 
TANK AND LEFT TO STAND OVERNIGHT. | 

ΤΗΕ DAY BEFORE ACTUAL FIRING, TROUBLE WAS ENCOUN= 
TERED WITH THE SQUIB IGNITERS. PREPARATIONS FOR FIRING ON 
THIS DAY WERE COMPLETE; HOWEVER, CHECKS MADE ON THE SQUIB 16- 
NITERS REVEALED THAT MANY SHOWED NO CONTINUITY ОМ AN ΟΗΜΜΕΤΕΒ» 
RESISTANCE ACROSS THE SQUIBS VARIED CONSIDERABLY FROM UNIT TO 
UNIT. A SELECTION ОҒ SQUIBS INDICATING THE BEST CONTINUITY 
AND A MINIMUM OF RESISTANCE WERE CHECKED BY ATTEMPTING TO FIRE 
THEM. VERY FEW ACTUALLY FIRED. ANOTHER SELECTION WAS MADE TO 
PROVIDE IGNITORS FOR THE MISSILE. ALL SHOWED CONTINUITY ВЕ- 
FORE INSTALLATION, HOWEVER, A CONTINUITY CHECK MADE AFTER ІМ- 
STALLATION REVEALED ONLY ONE OF THE FOUR INDICATED CONTINUITY. 
BASED ON THIS CONDITION THE HOT RUN SCHEDULED FOR 20 NOVEMBER 
WAS CALLED OFFe 

I 

SQUIB IGNITORS WERE TAKEN APART FOR ΙΝΝΕΘΤΙΘΑΤΙΟΝΟ. 
CAUSE OF THE TROUBLE WAS CORROSION AT ATTACHMENT ОЕ THE сіне 
CUIT WIRE, WHICH WAS RUN THROUGH THE SQUIB, AND THE NICHROME 
FIRING WIRE. THIS CONNECTION WAS MADE UP BY WRAPPING THE 
NICHROME WIRE AROUND THE HEAVIER CIRCUIT WIRE. FOUR IGNITORS 
WERE REWORKED BY CLEANING AND MAKING MORE SECURE THE СОММЕС- 
TION BETWEEN THESE TWO WIRES FOR THE FIRING WHICH TOOK PLACE 
ON THE FOLLOWING DAY. 

ТТ 
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Δ. STABILIZATION SYSTEM 

PRELIMINARY TO THE HOT RUN A STABILIZATION SYSTEM 

COLD CHECK WAS MADE USING THE STABILIZATION SYSTEM TEST PANEL 

WITH FLIGHT PROGRAM TIMER INSTALLED. HYDRAULIC POWER TO MOVE 

THE ROCKET CYLINDERS WAS PROVIDED BY AN EXTERNAL ALCOHOL SUP= 

PLY TANK WITH PUMP CONNECTED DIRECTLY TO THE MISSILE HYDRAU= 

LIC SYSTEM, 

THE FLIGHT PROGRAM TIMER INDUCED SIGNALS ТО? 

(a) ZERO THE STABILIZATION SYSTEM 

(в) GIVE STEP FUNCTION SIGNALS IN PITCH, YAW, 
AND ROLL 

(с) Βε-οηεοκ ZERO 

(ο) GIVE SINE WAVE SIGNALS IN ROLL, PITCH, AND 
YAW 

(Е) Βε-οηεοκ ZERO 

RESULTS OF THE COLD CHECK WERE VERY SATISFACTORY AS 

SHOWN BY SERVO RESPONSE CURVES TELEMETERED DURING COLD RUNS.» 

THE ROCKETS MOVED THROUGH THE REQUIRED ANGULAR DISPLACEMENT 

AND RETURNED TO THEIR ZERO POSITIONS. IT WAS CONCLUDED THAT 

THE STABILIZATION SYSTEM EQUIPMENT WAS SATISFACTORY FOR THE 

HOT RUN, 

5° TELEMETERING EQUIPMENT 

DURING FIRST ATTEMPTS AT CHECKING OUT THE TELEME- 

TERING EQUIPMENT CONSIDERABLE "HASH" OCCURRED IN THE MULTI~ 

VIBRATOR CIRCUITSe THIS REQUIRED REMOVAL OF THE TELEMETERING 

CAN FROM THE MISSILE FOR A DETAILED CHECK AND ΒΕΡΑΙΒ. RING 

MODULATORS IN THE VALVE INPUT CHANNELS WERE REMOVED AS THEIR 

SENSITIVITY TO HEAT WAS THE IMMEDIATE CAUSE OF THE "HASH". 

IT WAS LATER DISCOVERED THAT THE SOURCE OF TROUBLE 

WAS AN ERROR IN WIRING SUCH THAT THE POWER SUPPLY THAT WAS 

PULLING ALL ITS CURRENT FROM ONE PHASE OF A THREE PHASE CIR= 

CUITe WITH THIS ERROR CORRECTED, TELEMETERING CHECKS PRO= 

DUCED SATISFACTORY RESULTS. THE TELEMETERING EQUIPMENT WAS 

CONSIDERED READY FOR THE HOT RUNe 
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6. INSTRUMENTATION 

CONSIDERABLE DIFFICULTY WAS EXPERIENCED IN GETTING THE AUTOSYN PRESSURE GAUGES TO OPERATE SATISFACTORILY. Low VOLTAGE AND A MIX=UP BETWEEN MISSILE WIRING AND BLOCKHOUSE 
WIRING SEEMED TO BE THE MAJOR PROBLEM, THIS WAS CORRECTED 
PRIOR TO THE HOT RUN, 

Te DoPPLER 

THE SEQUENCE RELAY IN THE DOPPLER EQUIPMENT COULD МОТ BE MADE TO OPERATE. CAUSE OF TROUBLE WAS NOT DETERMINED IN TIME FOR THE HOT RUN, 

D. DESCRIPTION OF STATIC FIRING TEST 

FIRING OF THE MISSILE TOOK PLACE ОМ 21 NOVEMBER 1947 АТ APPROXIMATELY 11:50 А.М. THE MISSILE WAS FUELED FOR FULL- TIME OPERATION, HOWEVER, A MAXIMUM OPERATING TIME LIMIT WAS SET AT 25 SECONDS. 

PERFORMANCE OF ALL OF THE SPECIALIZED DUTIES REQUIRED FOR FUELING, PREFIRING CHECKOFF, AND FIRING WERE ACCORDING TO 
SCHEDULE, THIS WAS MADE POSSIBLE BY PREVIOUS REHEARSALS OF 
ALL OPERATIONS AND PREPARATION FOR FIRING ON THE DAY PREVIOUS 
TO THE ACTUAL FIRING, 

AT APPROXIMATELY TEN MINUTES BEFORE ACTUAL FIRING, THE | EXTERNAL BATTERY SWITCH WAS THROWN ON, SETTING IN OPERATION ALL STABILIZATION AND TELEMETERING EQUIPMENT IN THE MISSILE FOR WARM UP AND CHECK OUT, 
| 

ALL CLEAR AND READY SIGNALS WERE RECEIVED IN THE BLOCK= 
HOUSE FROM THE OBSERVATION, TELEMETERING, AND DOPPLER STATIONS. AT APPROXIMATELY TEN SECONDS BEFORE FIRING THE EXTERNAL PURGE (NITROGEN PURGE THROUGH THE OXYGEN PROPELLANT VALVE, LINES, 
AND ROCKETS) WAS SWITCHED ON AND HELD ON UP TO ONE-HALF SECOND BEFORE ACTUAL FIRING AT WHICH TIME THE PURGE WAS SWITCHED ΟΕΕ. 
THE FIRING BUTTON WAS PUSHED AT ZERO TIME. 

THE SEQUENCE OF EVENTS AS ANALYZED FROM THE BLOCKHOUSE 
INSTRUMENT PANEL RECORDING IS AS FOLLOWS: 

19 
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TIME OPERATION 

ZERO FIRING BUTTON PUSHED. 

0 το 0.9 sec PRESSURE ІМ Ηρ0ρ TANK INCREASED FROM 0 το 210 Psi. 

0.9 то 1.4 sec PRESSURE IN BOTH PROPELLANT TANKS INCREASED TO 
OPERATING PRESSURE OF 20 PSI, 

THE 82% TANK PRESSURE CONTINUED TO INCREASE ТО 

PSI. 

1.4 sec _ ALCOHOL PRESSURE SWITCH CLOSED CUTTING IN THE 

FIRING CIRCUIT AND OPENING ALL PROPELLANT 

VALVESe 

1.4 το 2.6 sec STEAM GENERATOR INLET AND OUTLET PRESSURES ΙΝ- 

CREASED AND STABILIZED AT APPROXIMATELY 250 

AND 210 PSI, RESPECTIVELY. 

THE Ната TANK PRESSURE STABILIZED AT APPROXIMATELY 

75 PSI. 

2.6 sec CYLINDER No. | CHAMBER PRESSURE INCREASED TO 50 

PSI INDICATING ΙΘΝΙΤΙΟΝο | 

CHAMBER PRESSURES IN CYLINDERS Мо. 2, 5, AND 4 

STILL AT ZERO. 

PROPELLANT PRESSURES AT INLET TO PROPELLANT VAL- 

VES HAD INCREASED TO 90 PSI FOR ALCOHOL AND 

100 PSI FOR OXYGENe 

2.8 sec CHAMBER PRESSURE IN CYLINDER Мо. 1, 65 Pst. 

CHAMBER PRESSURE IN CYLINDER Мо. 2, 15 PSI, 

CHAMBER PRESSURE IN CYLINDERS Мо. 2 AND 4, ZERO. 

PROPELLANT PRESSURES AT INLET TO PROPELLANT ναι.” 

VES INCREASED To 150 AND 130 PSI FOR ALCOHOL 

AND OXYGEN RESPECTIVELY, 

Н202 TANK PRESSURE AND STEAM GENERATOR INLET AND 

OUTLET PRESSURES REMAINED AT 375, 250, AND 

210 RESPECTIVELY. 

2.9 sec OccURRENCE OF EXPLOSION 18 INDICATED BY THE FACT 

THAT ALL PRESSURE GAUGES GO ERRATIC WITH THE 

EXCEPTION OF THE STEAM GENERATOR INLET AND 
OUTLET PRESSURES. SOME GAUGES SHOWED ν!Ώ- 

LENT OSCILLATIONS AND IT 18 ASSUMED THAT ALL 

READINGS TAKEN FROM THIS POINT ON ARE ERRO@ 

NEOUS. 

6.3 sec CUT OFF SWITCHES WERE THROWN BY BOTH OPERATOR AND 

OBSERVER WHEN ABNORMAL FIRE WAS OBSERVED. 

80 
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FOLLOWING THE EXPLOSION, Figure 48, AND THE START ОЕ FIRES, ΤΗΕ ALCOHOL SHUT-OFF VALVE AT THE ALCOHOL TANK OUTLET WAS CLOSED, THE TOWER WATER SUPPLY WHICH WAS DIRECTED BY NOZZLE INTO THE POWER PLANT SECTION THROUGH THE OPENING BETWEEN THE FINS WAS TURNED ON, AND THE ROCKET WATER SPRAY PROVIDED BY THE NOZZLE IN THE CONCRETE APRON WAS TURNED ON, SEE FIGURE 48. THESE WERE ALL REMOTELY CONTROLLED FROM THE BLOCKHOUSE. ALL ELECTRICAL POWER TO THE TOWER WAS ALSO CUT OFF. THE FIRES WERE IMMEDIATELY PUT OUTe HOWEVER, DENSE CLOUDS ΟΕ VAPOR CONTINUED TO ISSUE FROM THE MISSILE POWER PLANT SECTION. THIS WAS LATER DISCOVERED TO HAVE BEEN CAUSED BY A BREAK IN THE OXYGEN LINE AT THE PROPELLANT VALVE. 

OBSERVATIONS MADE FROM THE BLOCKHOUSE DURING THE RUN AND RESULTS OF INVESTIGATIONS MADE FOLLOWING THE RUN ARE SUMMARIZED, 

APPARENTLY TWO CYLINDERS FIRED, ONE OF WHICH SEEMED To FIRE NOR= MALLY AND THE OTHER LAGGED, EXPLOSIONS OCCURRED IN THE BARRELS OF TWO CYLINDERS BLOWING THE HEADS OFF, Ғіке IMMEDIATELY DEVEL= OPED, THE FIRST FLASH OF FLAME RISING TO THE TOP OF THE TOWER, THIS WAS IMMEDIATELY FOLLOWED BY A FIRE WITHIN THE POWER PLANT БЕСТІОМ-ОҒ THE MISSILE, FIRE ALSO DEVELOPED IN THE CORNER OF THE TOWER PLATFORM WHERE THE ELECTRICAL WIRING BETWEEN THE М15- SILE AND CONDUIT BOXES ACCUMULATED, 

FIG 48 -- FLARE-UP FOLLOWED BY WATER=-JET QUENCH OF FIRE 
IN THE ENGINE SECTION 

δι 
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E. DISCUSSION OF FIRING TEST RESULTS 

l. PowER PLANT 

ANALYSIS OF THE DATA SHEETS, FIGURE 49, TAKEN FROM 

INSTRUMENT PANEL RECORDINGS INDICATES THAT POWER PLANT OPERA= 

TION DURING THE PRESSURIZATION AND FIRING FUNCTIONS WAS ЗАТІ5- 

FACTORYs IMMEDIATELY FOLLOWING CLOSING OF THE FIRING CIRCUIT 

BY THE ALCOHOL PRESSURE SWITCH, TWO OF THE FOUR ROCKET CYLIN@= 

DERS EXPLODED BLOWING THE CYLINDER HEADS CLEAR OF ΤΗΕ MISSILEe 

CAUSE OF THE EXPLOSION CAN ONLY BE SURMIZED TO HAVE 

BEEN THE RESULT OF IGNITION OUTSIDE THE TWO CYLINDERS THAT ЕХ- 

ΡΙ ΟΌΕΏο THE FOLLOWING CLUES ARE OFFERED TO SUBSTANTIATE THIS 

THEORY: 

(a) THE WALLS OF THE TWO EXPLODED CYLINDERS ADJACENT 

TO THE HEADS WHICH BLEW OFF SHOW A VERY SEVERE 

BULGE INDICATING A LOCALIZED AREA OF VERY HIGH 

pressure (Ficure 19). 

(в) ONE HEAD OF THE TWO EXPLODED CYLINDERS CONTAINED 

AN UNBURNED SQUIB ΙΟΝΙΤΟΒ. THIS WOULD INDICATE 

THAT THE FUEL IN THIS PARTICULAR CYLINDER MUST 

HAVE BEEN IGNITED FROM OUTSIDE THE CYLINDER, 

POSSIBLY FROM THE FLAME OF ANOTHER ROCKETe 

(с) A FULL SECOND ОР TIME ELAPSED BETWEEN OPENING 

OF THE PROPELLANT VALVES AND A RISE IN PRESSURE 

IN THE FIRST CYLINDER TO FIRE (INDICATING 16- 

NITION)» DURING THIS TIME A DENSE CLOUD OF υν- 

BURNED PROPELLANTS WAS SEEN EMERGING FROM THE 

ROCKET NOZZLESe 

IN THE LIGHT OF THESE CLUES A PLAUSIBLE EXPLANATION 

WAS CONSTRUCTED. 

|Т IS ASSUMED THAT THIS CLOUD WAS IGNITED THE INSTANT 

THE FIRST ROCKET FIREDe 

INASMUCH AS THE OXYGEN PASSES DIRECTLY INTO THE CYL- 

INDERS THROUGH THE INJECTOR NOZZLES THE INSTANT THE PROPELLANT 

VALVE IS OPENED BUT THE ALCOHOL MUST FILL AND THEN FLOW THROUGH 

THE ROCKET COOLING CHAMBER TO THE INJECTOR AND INTO THE CYLIN= 

DER, ІТ IS ASSUMED THAT THE DELAY CAUSED A LEAN MIXTURE IN THE 

PROPELLANT CLOUD INSIDE AND OUTSIDE OF THE ROCKETS CREATING 

FAVORABLE CONDITIONS FOR DETONATIONe 
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IGNITION OF THE ROCKETS WHICH FAILED OCCURRED FROM 

THE OUTSIDE CAUSING THE FLAME FRONT TO ADVANCE INTO THE ΝΟΖ- 

ZLE ОҒ τη; ROCKET. THE RESULTING INCREASE IN PRESSURE IN ΤΗΕ 

CYLINDER CAUSED THE PROPELLANT MIXTURE TO RUSH OUT OF THE М02- 

ZLE ІМ A MANNER SIMILAR TO NORMAL IGNITION.’ HOWEVER, IN ΝΟΒ- 

MAL IGNITION, THE UNBURNED PROPELLANT WOULD BE PUSHED OUT OF 

THE NOZZLE AHEAD OF ΤΗΕ FLAME, IN THIS CASE, ALL OF THE МІХ- 

TURE WAS FORCED THROUGH THE FLAME WHICH CAUSED ITS IGNITIONe 

THIS RESULTED IN A GREATER QUANTITY OF MIXTURE BEING 

BURNED IN THE CYLINDER THAN WOULD NORMALLY OCCUR CAUSING EX= 

CESSIVE PRESSURE AND ТЕМРЕБАТУКЕ» Ав THE FLAME FRONT PROGRES= 

SED INTO THE CYLINDER, PRESSURE AND TEMPERATURE MUST HAVE 

FINALLY INCREASED TO A POINT WHERE DETONATION OCCURRED. THIS 

CONDITION SEEMED TO HAVE OCCURRED IN BOTH CYLINDERS WHEN THE 

FLAME FRONT HAD PROGRESSED TO WITHIN APPROXIMATELY TWO INCHES 

OF THE INJECTORSe 

2, STABILIZATION 

THE STABILIZATION SYSTEM FUNCTIONED NORMALLY FROM 

ΤΗΕ ТІМЕ-ТНЕ FIRING SWITCH WAS CLOSED UNTIL THE EXPLOSION 

OCCURRED, CORRECT PERFORMANCE ΟΕ THE FLIGHT PROGRAM SWITCH 

АМО UNCAGING OF THE GYROS WERE CONFIRMED BY VISUAL INSPECTION 

OF THE EQUIPMENT AFTER SHUT DOWN. ALL FOUR ROCKETS APPARENTLY 

STABILIZED AND REMAINED IN THE ZERO POSITION DURING THE PERIOD 

BETWEEN CLOSING OF THE FIRING SWITCH AND THE EXPLOSION. No 

RECORDS WERE OBTAINED TO CORROBORATE THIS, HOWEVER, INSPECTION 

OF THE MOTION PICTURES SHOWING THE ROCKETS INDICATE THAT THE 

ROCKETS REMAINED IN THE ZERO POSITIONS 

5. TELEMETERING, THRUST, AND TEMPERATURE 

TELEMETERING EQUIPMENT OPERATED SATISFACTORILY DUR@= 

ING THE HOT RUN AND RECORDS WERE TAKEN. THE INFORMATION 08” 

TAINED FROM THE RECORDS WAS OF LITTLE VALUE IN THE ANALYSIS 

OF THE EXPLOSION, THOUGH THE RECORDS DID INDICATE THAT THE 

EQUIPMENT OPERATED SATISFACTORILY. 

THE THRUST MEASURING EQUIPMENT PROVED OF NO VALUE IN 

AS MUCH THAT A NORMAL RUN DID NOT OCCUR. AT THE TIME OF THE 

EXPLOSION THE MISSILE LURCHED TO THE SIDE AND THE INSTRUMENTS 

DID МОТ REGISTER, IT 1S BELIEVED THAT THE PRESENT METHOD OF 

MEASURING THRUST MAY ВЕ SATISFACTORYe 

TEMPERATURE MEASUREMENTS WERE OF NO VALUE DUE TO THE 

FACT THAT UP TO THE TIME OF FIRING ALL TEMPERATURES WERE STA- 

BILIZED WITHIN A RANGE ОҒ O To 15 DEGREES CENTIGRADE AND ВЕ- 

TWEEN FIRE AND CUTOFF ALL TEMPERATURES WERE OFF THE SCALE ON 

THE HOT SIDE. 
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NEXT 

SECTION X 
PROJECTED WORK PROGRAM 

WORK TO BE INITIATED, CONTINUED, OR COMPLETED DURING THE 
WORK PERIOD INCLUDES: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

COMPLETION OF THE PHASE CALIBRATOR, A SPARE TRANS= 
MITTER, AND A SPARE RECEIVER FOR THE VHF POSITION 
TRACKER SYSTEM AND INAUGURATION OF FIELD AND FLIGHT 
TESTS OF TRACKER OPERATION.’ 

CONTINUATION OF DOPPLER RANGE AND SPEEDOMETER ЕХ- 
PERIMENTS.» 

COMPLETION OF SUPERHETERODYNE RECEIVERS AND BIAS 
POWER SUPPLY FOR THE COMMAND CONTROL SYSTEM AND CON= 
TINUATION OF OPERATION CHECKS, 

CONTINUATION OF STABILIZATION PANEL ASSEMBLY FOR 
THE FLIGHT TEST VEHICLE, 

CONTINUATION OF TESTS ON INTEGRAL CORRECTION AND 
RESPONSE UNIT AND ON THE SIMULATOR, 

COMPLETION AND RELEASE OF REPORTS ON HYPERGRID 
NAVIGATION, HYPERGRID TEST SYSTEM, AND AUTOMATIC 
GUIDANCE = PEAK COMPARATOR AMPLIFIER. 

COMPLETION OF ANALYSIS ON WARHEAD SURFACE HEATING. 

REPAIR OF DAMAGE To Static Test MISSILE AND To 
ΡΟΙΝΤ LOMA TOWER AND REMOUNT OF MISSILE IN THE 
TOWER. 

COMMENCEMENT ОЕ 0-46 FLIGHT TESTS ON GUIDANCE 
EQUIPMENT. 
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TECHNICAL DATA 

REPORT NUMBER TITLE 

A. ACTIVITY REPORTS 

1496-1 GROUND=-TO-GROUND MISSILE PROGRESS, 

May 1946 
1496-2 GROUND=TO=GROUND MISSILE PROGRESS, 

Jun 1946 
1496-5 GROUND=TO=GROUND MISSILE PROGRESS, 

JuL 1946 
1496-4 GROUND=TO=GROUND MISSILE PROGRESS, 

10 әш. - 10 Aue 1946 

1496-5 GROUND=TO-GROUND MISSILE PROGRESS, 

10 Aue - 10 Sep 1946 

1496-6 GROUND-TO=GROUND MISSILE PROGRESS, 

10 Sep = 10 Oct 1946 

1496-7 GROUND=TO-GROUND MISSILE PROGRESS, 

| : 10 Oct - 10 Nov 1946 

1496-8 GROUND-TO-GROUND MISSILE PROGRESS, 
10 Nov - 10 Dec 1946 

1496-9 GROUND-TO-GROUND MISSILE PROGRESS, 

10 Dec 1946 - 10 Jan 1947 

1496-10 GROUND-TO-GROUND MISSILE PROGRESS, 

10 Jan = 1 Mar 1947 

1496-11 GROUND-TO-GROUND MISSILE PROGRESS FOR 

Mar = Apr 1947 

1496-12 GROUND-TO-GROUND MISSILE PROGRESS FOR 

May - Jun 1947 

1496-13 GROUND-TO-GROUND MissiLE AcTIVITY FOR 

JuL = Aue 1947 

B, INTERNAL REPORTS 

DEVF=275-805 Ромев PLANT - OxYGEN TANK - STATIC AND 
PRESSURE TEST OF 

DEVF-275-824 ΕΙΝ - Army Test VEHICLE - STATIC 
Test ОҒ 

DEVF=301-126 FueL System MX-774 Supersonic TEST VE- 
HICLE TESTS OF PRESSURIZATION BY 

VAPORIZATION OF LIQUID OXYGEN 

DEVF-346-16 Ѕтурү OF PROPELLANTS OF HIGH SPECIFIC 
Imputse; 25 Sep 1946 
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REPORT NUMBER 

DEVF-346-17 

DEVF-4002 

DEVF-4008 

DEVF-4009 

DEVF-4012 

DEVF-4013 

DEVF-4014 

DEVF-4016 

DEVF-4018 

DEVF-4019 

DEVF-4024 
DEVF-4025 

DEVF-4032 

DE VF-4036 

DEVF-4038 

DEVF-4039 

DEVF-4040 

DEVF-4042 

SECRET Σὲ--- 

TITLE 

CALCULATION OF SKIN TEMPERATURES OF THE 
SUPERSONIC TEST VEHICLE AND THE Su- 
PERSONIC GROUND-TO=GROUND MISSILE; 
25 Nov 1946 

PRELIMINARY ANALYSIS OF VIBRATING REED 
Gyroscope; 21 Jun 1946 

PROGRESS REPORT ΟΕ PRECISION GYROSCOPE; 
29 JuL 1946 

POSITIVE [ом ACCELEROMETER - ESTIMATES 
OF OuTPUT VOLTAGE AND REQUIRED 
XENON PRESSURE; 13 Аус 1946 

THE USE OF THE CYCLOTRON PRINCIPLE FOR 
INCREASING ACCELEROMETER TRANSIT; 
22 Aue 1946 

MAGNETIC NAVIGATION INVESTIGATION; 
28 Aue 1946 

Missile VELOCITY DETERMINATIONS FROM 
DoPPLER EFFECT; 23 Aue 1946 

THREE=GROUND=STATION RADAR NAVIGATIONAL 
SYSTEMS FOR А PROVECTILE=TYPE ΜΙ5- 
site; 6 Sep 1946 

IONOSPHERE REFRACTION ERROR ESTIMATE OF 
SIGHTING ERROR AND INCREASE IN PHASE 
VELOCITY; 5 Nov 1946 

INVESTIGATION OF MAXIMUM ERROR OF THREE- 
GROUND STATION NAVIGATIONAL SYSTEM; 
8 Nov 1946 

PROPORTIONAL RADIO CONTROL; 10 Sep 1946 
TRANSMITTING ANTENNAS FOR VHF HYPERBOLIC 

GRID GUIDANCE CONTROL SYSTEM; 
Ι5 Oct 1946 

SLAVE STATION RECEIVING ANTENNA FoR ΗΥ- 
PERBOLIC GRID GUIDANCE SYSTEM; 
14 Nov 1946 

ATMOSPHERIC REFRACTION ERROR ESTIMATE OF 
SIGHTING ERROR AND CHANGES IN PHASE 
Уекосітү; 3 FEB 1947 

A PRECISION MISSILE TRACKING SYSTEM; 
30 Dec 1946 

STABILIZATION AND CONTROL SYSTEMS FOR 
Misstte MX-774; 31 Dec 1946 
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